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INTERNATIONALDEVELOPMENT

TECHNOLOGYPROGRAM

: - .-= . ,

WASHINGTON UNIVERSITY

SAINT LOUIS, I_IISSOURI 63130

TO BE OFFERED SPRING 1970

IDTS 591 Special Topics in International Development Technology

Satellite Communication for Educational Development (3 credit hours).

Prerequisites: Permission of Instructor

This course wlll examlne the potential !mpac_ of satelllte communication for
bringing about imp,uw,,,_,,;_ ;n _d_c_t_z_ !_ the Unl+_ _fates. Part of the course

will be devoted to a careful appraisal of past and present proposals for satellite

and airborne systems. Major effort wlll be directed towards developing a system

which can effect improvements ineducation for disadvantaged groups where needs
are the greatest.

The approach wlll be broad and interdisclplinary. Toplcs to be considered
include:

I. Hardware requirements (e.g. TV-Recelvers, New Developments In Educatlonal
Technology, Distribution Systems, Power Sources).

2. Allocatlon of the Frequency Spectrum for Spac e Broadcasting.

3. Economic comparisons of alternatlve dlstrlbutlon systems (satellite,

cable, films, etc.)

4'. Political, Social and Legal Factors, (Role of FCC, Comsat, etc.)

5. Education. How People Learn. Use and Effectiveness of Media for

Teaching Literacy, Training Teachers, Math. and Science Education, etc.

o What are the Educational Needs of the U.S. and Potentlal User Groups

for a Satellite System? (Alaska? Appalachia? Migrant Workers? Inner City

Groups? Prisons? Physically Handicapped?, etc.)

7. What organizational Structure for a satelllte system? NET? CPB? Commercial?

Government? University?

8. What should the program content be and who should control It?

. Comparisons with planning and implementations for systems In other countries,
e.g. India and Brazil.

Recommended for Interested _raduate students and seniors, with permission of instructQr.

Ideally, l'd like to have a minimum of 2 or 3 electrica'l engineers, I or 2 computer

scientists, I chemical engineer or mechanical engineer, I applied physicist, 3 educa-

tion majors, I or 2 law students, I or 2 political scientists, 2 economists, I or 2

sociologists or anthropologlsts, I psychologist, I or 2 soclal workers and one or more

business or public admlnlstratlon types. (Plus any one else who Is really interested!)

Hours to be arranged. Guest speakers from both on and off campus.

For further Informatlon, contact Prof. R. P. Morgan, Room 413A Urbauer, Box 1140,

Phone 4123.
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PROGRESS REPORT

WASHINGTON UNIVERSITY PROGRAM

ON

APPLICATION OF SATELLITE COMMUNICATION

TO

EDUCATIONAL DEVELOPMENT

I. BACKGROUND AND OBJECTIVES.

_v.._F,_,,,U_,c^_...... ,, i_69, W_hingTon University initated a program on

Application of Satellite Communication to Educational Development, funded

by NASA's Office of University Affairs. The broad objectives of the

program are:

I. To analyze the role of satellite communication as a means of

improving education in the United States and in less-developed areas

of the world.

2. To generate basic knowledge which will be useful in making

rational decisions about satellite application in the field of

education in the years ahead.

3. To devise systems and strategies for improving education utilizing

satellite communication and to carry out experiments which may be

necessary to evaluate the effectiveness of such systems.

4. To provide "advanced interdisciplinary training of communications

experts--economists, lawyers, engineers, management experts,

social scientists and others...to deal with problems of communications

policy which transcend the confines of any single discipline".

(From Report of President's Task Force on Communications Policy,

Dec. 1968) (I)"

This report summarizes progress made during Phase I of the research

program and defines the effort to be undertaken during Phase II. The

objectives sought in Phase I are described in a letter from R. P. Morgan to

H. B. Quinn, a copy of which is appended to this report.



II. PHASE I ACCOMPLISHMENTS.

Among the most significant accomplishments to date are:

A. We have succeeded in establishing the necessary working relationships

between diverse segments of the Washington University community

which are essential for insuring the long-term success of this

interdisciplinary endeavor. Key elements in achieving this

condition have been; a) strong interest on the part of faculty

members and students from a variety of disciplines in a program

which relates technology to pressing social problems, b) good

inter-school and inter-personal relations which exist in a university

of the size and scope of Washington University, c) a small core

of individuals who constantly keep the total program requirements in

mind. This latter "glue" which holds the program together and

prevents fragmentation is supplied by the International Development

Technology Center, which emphasizes the application of science

and technology for development. The Center, which cuts across

departmental and school lines, will be designated as an Inter-School

(All University) Institute effective July I, 1970, reporting to

the Vice Chancellor for Research. We are confident that the

existence of the Center provides the necessary framework for

insuring the success of this broad-gauged, interdisciplinary program.*

B. A comprehensive review of past and present activities related

to both international and domestic satellite application to

the field of education has been undertaken. Suitable reports are

being prepared and an information retrieval system is under

development for handling this information. There is a voluminous

amount of information available if one views the satellite-

education field from a broad vantage point as we are endeavoring

to do. Information has been obtained by a combination of searches

of library and information retrieval sources and by first-hand

visits. This effort is being headed by Herbert Ohlman, an expert

in information science and engineering, who was formerly deputy

director of the Central Midwest Educational Research Laboratory

(CEMREL) and who is now pursuing the D.Sc. Degree at Washington

University in AppliedMathematics and Computer Science.

*A recent article about the Center appeared in the November, 1969 issue of

.

"Engineering Education" (See Appendix H)
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C. In accordance with Phase I objectives, one "sub-program" has been

identified as the focus for detailed interdisciplinary analysis and

experiments during Phase II. This domestic (U.S.) system we have

called the "Equal Educational Opportunity Satellite System", capable of

delivering a large numberof programs to different user groups. The

key idea is to transmit voice plus still pictures in order to accomodate

a large numberof programs within a limited bandwidth. The audio-visual

programs can be received selectively by a wide variety of audiences,such

as migrant workers, Indians, students at secondary schools, inmates at

penal institutions, etc. The system will be designed to maximize indiv-
idualized instruction and feedback. The system will also emphasize local

control of programming materials.
Scientists and engineers such as Clarke116) Licklider, (5) and Bretz (4)

have emphasized the potential and the need for further research in this

field, which Bretz has classified as "still-picture television". Our

initial studies will emphasize a "time-shared" rather than a "slow-scan"
approach(4). overall studies will consider facsimile transmission via

satellite for delivering permanent supplementary educational materials.

The system is described in more detail in Appendix A and the specific
research tasks to be undertaken are described in eel,ion Ill.

It is anticipated that the "sub-program" described above will con-

stitute approximately 90% of the total Phase II effort. It was our in-

tention at this time to define another sub-program which was to constitute

a cooperative effort between our International Development Technology

Center and a university or research organization in a developing country.

We are not now in a position to define specific research tasks which

might constitute the basis for such a cooperative effort. However, a

recent trip to India by R.P.Morgan, Program Coordinator, has opened up

the possibility of future cooperative efforts involving individuals in

one or more Indian institutions in both ground-based hardware and software

aspects of satellite education systems.

The 1972 NASA-India Satellite ITV experiment (19'20) and subsequent plans

for Indian and Brazilian national satellitesystems would appear to have

important implications for the United States as well as for other countries.

Interaction through cooperative research would appear to be very much in

our national interest, and we stand to learn much from such cooperation.

Furthermore, such efforts are in accord with two of the principal program

goals enumerated by the recent T&sk Force evaluation of future NASA programs

headed by Vice President Agnew, namely,a) international cooperation, and



.

b) the application of space technology for the benefit of all mankind (2)

Therefore, should the opportunity arise, we plan to devote a small

amount of program funds to international cooperative program efforts. We

shall keep NASA's Office of International Affairs fully informed of any

activity of this nature which may develop.

D. A !'Phase II" program effort has been defined which involves a well-

integrated teaching and research effort. Students and faculty members

will participate by attacking specific research tasks and by sharing

their experiences through involvement in carefu ly designed courses.

Many of the research tasks are related to overa I systems studies but

also represent bonafide explorations within the context of the depart-

ments in which students are enrolled. Thus, it should be possible to

avoid, on one hand, a situation in which a multidisciplinary research

project is nothing more than a group of individuals "doing their own

thing", and on the other hand, a situation in which studies with very

little depth are produced. We view this program as an experiment in

providing a new kind of experience for students and faculty members

which will bring university resources more effectively to bear on

problems of our society. The nature of this experience and the mech-

anisms employed to make it work are described further in the Appendix.

Items A through D above are keyed to the objectives itemized in the letter

from R. P. Morgan to H. B. Quinn on August 13, 1969. (See Appendix I). Among

the specific activities undertaken during Phase I to achieve these objectives

were the following:*

I. Preliminary background studies and explorations were made by research

assistants and associates in the fields of law, economics, electrical

engineering, education and information science.

2. Approximately 25 undergraduate students and 15 graduate students were

exposed to the subject of satellite applications for education in two

interdisciplinary courses offered by the International Development

Technology Center. One of these courses was oriented strongly to U.S.

needs. Many students chose to do term papers related to this subject.

3. Meetings were held, on the average, once a week to explore in depth

the significance and promise of satellite applications in the field

of education, particularly for the United States. Among the key

participant_ in these meetings were:

* The following description includes a small amount of related activity
carried out in the summer of 1969 under a NASA grant.



Prof. R. P. Morgan(International DevelopmentTechnology
Program) ProgramCoordinator

Prof. R. M. Walker (Physics)

Prof. F J. Rosenbaum(Electrical Engineering)

Prof. D L. Snyder (Electrical Engineering)
Prof. B Anderson (Education)

Prof. E Greenberg (Economics)

Prof. N J. Demerath(Sociology)
Prof. N Bernstein (Law)

Mr. H. Ohlman(Research Associate and PhDCandidate,
Applied Math and ComputerScience)

Mr• M Hurtado _hD _tudent, Llectrical Lngineering_

Mr. A Sene_(M.S. Student, Electrical Engineering)

Mr. S Haberman(PhDStudent, Economics)

Mr. G Walker (PhDSTudent, Education)
Mr. J Scheiner (3rd Year Law Student)

Mr. J DuMolin (Research Assistant, Educational and
Socio-Political Aspects of Satellite Utilization)

It is anticipated that most of the above individuals will play important
roles in Phase II of the program. Six faculty memberslisted above,

and Dr. R. W. Johnston, Vice Chancellor for Research, will constitute a

"task force" responsible for providing the necessary program direction. The

students have all been involved to varying degrees. At least four PhD

theses, which will be defined in the Section on Phase II activity, have
been identified.

Thesemeetings have been of major importance in creating the cohesiveness

so essential for the success of an interdisciplinary research project• They

have led to the identification of an equal educational opportunity satellite
system, using voice and still pictures, as the major sub-program of Phase II.

4. A number of key visits were undertaken during Phase I which relate

to this program. Visitors to Washington University included

Dr. Walter Radius (NASA)whospoke to the group on public policy

factors of importance in the satellite application field, and

Dr. Bruce Lusignan (Stanford) who spoke on systems engineering and

ground-hardware considerations in satellite applications. Informal

discussions were held with Prof. Merton Barry, Director of Engineering

Foreign Programs at the University of Wisconsin, and a memberof

.



that University's Educationa Satellite Committee.

In addition to two visits by Washington University personnel to NASA

Headquarters, visits and meetings attended included the following:

a). H. Ohlman, (Research Applied Scientist) chaired a session on

information coding and compression techniques at the Annual Meeting of

the American Society for Information Science. He also visited with

Prof. Lyle Nelson, head of the Department of Communications at

Stanford University.

b) J. DuMolin (Research Assistant) attended a NASA review meeting on

....v..,,_..v..'_.... _:^- _._,_-_-'[_t__,,_,,=_ei _,_,,_,,,_,,i= _, i;,_ iv _ _i ;;,_ A,H_

Laboratory.

c) H. Ohlman (Research Applied Scientist) attended a Conference on

Image Storage and Transmission Systems for Libraries at the National

Bureau of Standards.

d) Discussions were held with Mr. Robert Glazier, Director of the

St. Louis Educational Television Commission and manager of KETC-TV,

Channel 9, St. Louis.

5. The Program Coordinator (R. P. Morgan) spent two weeks in India

and had an opportunity to have discussions with top officials of

the NASA-India, Satellite - ITV experiment. He also was appointed

co-chairman of the session on Systems for Emerging Nations at

the 3rd AiAA Satellite Communication Systems Conference to be held

in Los Angeles in April, 1970.

In summary, we feel that we have fulfilled to a large degree the objectives

which were set forth for Phase I of this program. A detailed description

of Phase II activity will now be presented.

III. PHASE II ACTIVITY.

In this section, we shall describe a variety of interrelated activities

which constitute the Phase II program effort. In a recent study on the

emerging role of the university in general, and MIT in particular, Jantsch (3)

has pointed out that an alarming split in purpose and opera#ion exists

among the three functions of education, research and service. This split

hampers the university in its efforts to become more effective in contributing

to the solution of pressing social problems. The program to be described

.



represents a partial re[ntegrat[on of these functions to provide a total

experience which will yield useful results.

A. Course Work .During the spring semester of 1970, course IDTS 591,

Special Topics in International Development Technology, will be

devoted solely to the topic of Application of Satellite Communication

to U. S. Educational Development. The course will be divided into

three parts:

a) Background: Technical and non-technical factors of importance

in satellite-education, presented in a manner understandable to

students in engineering, economics, education, sociology, law,

political science. (1,3,10,11,14-18)

b) Case-study evaluation of past and present proposals for satellite

and other relevant technological applications to the field of education,

e.g., MPATI, (6) EDUSAT, (14) Rand-707 study, (7) etc.

c) Concentrated analysis of an equal educational opportunity satellite

system.

This course, which is offered for credit to graduate students and

seniors, will be a major convergence point for the diverse interests of

the various program researchers and personnel. We intend to use this

course as the basis for the development of two books, a) an edited

compilation of relevant, current articles in the satellite-education

field, b) an original contribution based upon our own thinking and

effort. A description of the course is shown on the following page.

It is anticipated that future courses will also relate to the satellite-

education program. Under discussion now are plans for devoting a sizeable

portion of a new design program in the School of Engineering and Applied

Science to the design of an integrated low-cost receiver/front end/power

source for direct reception of satellite signals in unelectrified areas.

Other ideas for new courses and even new interdisciplinary programs and

degree arrangements may be generated from this effort to tiethe research

tasks closely to the academic program and the educational process.

B. Research Tasks. The following research tasks have been identified,

most of which will be undertaken during Phase II. It is anticipated

that others will surface during the continuous process of interactive

examination to which the total program will be subjected. Where

more than one degree designation is indicated below, it is anticipated

that more than one dissertation'will result.

.
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I. Analysis of an Equal Educational Opportunity Satellite

System. (M.S., PhD; Applied Mathematics and Computer

Science, Education; Professors Morgan, Walker, et.al).

This study will provide an overall evaluation of a satellite system

for distributing voice, still pictures and supplementary educational

materials to a wide variety of users. In a recent Rand Corporation Report, (4)

Bretz has pointed out that still-picture television is the most promising

unexplored telecommunication medium. Emphasis will be upon a logical

synthesis of user needs, technical capability, economic factors, organizational

reauirements, socio-political and legal factors, and educational technology

and effectiveness considerations. In other words, it is anticipate0 Thai

at least one or two theses will represent in microcosm the total program effort.

The system concept includes distribution of supplementary educational

materials such as tables, charts and study guides for individual student use

by facsimile transmission via satellie. Key features to be built into

the system are broadcast bandwidth conservation, individualized access,

feedback and local programming control. Overall systems simulation will

be undertaken. The rationale for focusing on this system and the approach

to be followed are presented in more detail in the Appendix.

2. Economic Analysis of Satellite Communication Systems for Education*

(M.S. PhD; Economics; Professors Greenberg, Morgan)

The proposed research will involve the economic analysis of satellite

communications systems which have potential for improving education in

the United States. Two kinds of studies are envisioned:

a. Comparative studies of alternative systems for transmission and

distribution of educational materials. Emphasis will be placed

upon the distribution of voice signals and still pictures. Such

material may represent an attractive alternative to either television,

with its large bandwidth requirement, or radio with no visual image

at all. (3,5) Previous economic comparisons of the type envisoned

have been carried out for regional transmission of television in

the MPATI program (6) and for distribution of microfilm (7) In

this study, alternatives (satellite, airplane, cable, mail,) or

some combination of these will be analyzed for transmission of voice

plus still picture. A similar comparison may be undertaken for

distribution of supplementary educational materials for individual

*This project will be supported' in part from NA.%-Agrah'1:_4GR26-00-8-=0-0-gduring

the 1969-70 academic year, R. P. Morgan, Principal Investigator.

6.



student use by facsfm[le transmission via satellite versus other

transmission modes.

b. Comparative studies of the costs and/or effectiveness of educational

satellite-distr_buted media. A recent study by Jamison (8) has

argued that radio is a mere cost-effective medium than television

for educational use in connection with a proposed satellite system

for Brazil. We wish to examine this analysis but within the

context of potential U. S. educational satellite systems. Different

alternative media such as radio, TV, and an intermediate audio-

• ,_....I .... _h w_ll he considered.

3. Analysis of a Multi-Channel, Low Video Frame-Rate_ Continuous

Audio_ Television Transmission Svstem(M.S._ PhD, Electrical

Engineerinq r Profs. Snyder _ Rosenbaum)

A multi-channel scheme is envisioned for relaying the educational material

discussed previously. In each subchannel there must be a capability for

a continuous audio signal (voice, music, etc.) and a companion low

frame-rate video signal; that is, a video signal with frames (pictures)

that change infrequently compared to conventional television (for instance,

once each ten seconds). Higher frame rates than can be achieved with a

single subchannel may be required from time to time for certain educational

material. Consequently, provision must be made for the simultaneous use

of more than one subchannel to achieve a variable frame rate capability.

It is also envisioned that individual frames have about the same quality

reproduction as conventional television.

The multi-channel signal received from the satellite must first be

preprocessed so that a desired subchannel is placed into a form that is

compatible for display with a conventional television receiver. This

preprocessing may be done remotely from the display receivers, many of

which can then be connected, for example, by cable (commercial CATV) to

the centrally located preprocessor. At the opposite extreme, the

preprocessor may be colocated with a few (or each_ display receiver, in

which case the complexity and cost of the preprocessor are extremely important.

There are several important technical considerations that must be

identified and carefully examined before such a television transmission

system can be designed. System constraints must be defined; among these

are carrier frequency, available bandwidth, available power, link (i.e.

.



channel) characteristics, number of video-audio subchannels desired,

location of preprocessing, etc.

Preliminary consideration has been given to a frequency-multiplexed

audio, time-multiplexed video modulation scheme that is compatible with

conventional television bandwidths and modulation. With this approach,

a portion of the available bandwidth is allotted to multiple audio subchannels

which are frequency multiplexed (i.e., placed in adjacent frequency bands)

for continuous transmission of audio information. The use of several audio

subchannels thus requires a larger fraction of the available bandwidth

than the single audio signal in conventional television. This expanded

audio bandwidth may be accomodated without compromising the quality of

individual video frames by decreasing the video frame rate an appropriate

amount. Of course, intermodulation effects are important here and need to

be considered carefully.

Each subchannel of video information consists of still pictures that

are updated infrequently. These still pictures are time multiplexed into

the transmitted video signal as an ordered sequence of individual frames;

(See Figure I) thus, if there are N subchannels of audio-visual information,

frames I, N+I, 2N+I, 3N+I,... correspond to subcho ......one, frames 2, N+2,

2N+2, 3N+2,...correspond to subchannel two, etc. The updating rate for each

video subchannel is I/N times the frame rate of the transmitted signal. A

frame synchronizing signal will be required to identify the beginning of

the frame sequence. The preprocessor then counts frames from the frame

synchronizing signal (e.g., by counting vertical synchronizing pulses) to

the frame corresponding to the desired subchannel. This frame must then

be stored in a video frame buffer (possibly a short length of video tape

or a drum). Between updatings of the buffer, the stored video frame,

which corresponds to a single still picture is read periodically and combined

with its companion audio signal to generate an audio-visual signal compatible

with the conventional television receiver used for display.

Thus the overall transmission system envisioned is analogous to a

broadcast system in which audio information is obtained in the usual way

by frequency selection, but video information is obtained by a time

synchronized selection of frames from a sequence of frames. The selected

audio and video frames must then be preprocessed so they can be displayed

with a conventional television receiver. Such a scheme has the advantage
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that a subchannel frame rate can in effect be increased by simply selecting
frames more frequently from the sequenceof frames transmitted. (This, of

course, reduces proportionately the number of available video subchannels).

The transmission schemeoutlined is tentative, but appears to have

enough_merit to warrant deeper study in Phase II of the program. The

research in Phase II would consist of: (I) identifying the system constraints

quantitatively; (2) defining and evaluating tradeoffs for various modulation

or coding schemesthat meet the system constraints (a candidate here is

the system described); (3) defining and evaluating tradeoffs for various

demodulation schemes_ (4) Initiating receiver design (for example,

consideration needs TODe glven To designing the video buffer and composite

television signal generator in the schemeoutlined).
4. Microwave Device Research Relevant to Satellite Communication

Systems (PhD, M.S., Electrical Engineering,Prof. Rosenbaum)

There is currently underway at Washington University a vigorous program

devoted to the operation and application of "Gunn Effect" devices, a type

of low-cost microwave solid-state oscillator. There is also some effort

being spent on microwave integrated circuit problems. Basic research on

such devices as well as more applied research directed towards the development

of circuit elements and receivers of various types is likely to yield basic

knowledge which will be useful in making rational decisions about hardware

for education satellite systems in the future. For this reason, we plan

to support one PhD candidate in a basic microwave research study. He

will be a well qualified and active participant in the overall satellite

education program effort who will be in a position, along with Professor

Rosenbaum, to identify promising applications. In this manner, we hope to

reduce the time iag between basic research discoveries and their application.

There are a number of potential devices which might incorporate the

kinds of microwave components or circuits under study at Washington University.

These could include low-cost, rugged TV receivers, adapters for TV's which

permit display of still pictures, equipment at other system points in

which microwaves are received. However, before devices based on the Gunn

effect can be used in low cost, high performance applications, several

aspects of their operation and control must be understood. In this

research, we will reproduce required circuit functions in microstrip, a

planar transmission system well suited for production quantities using

11.



photo-lithograph techniques. The hardware problems to be studied in this

development include the stabilization of a microwave solid-state oscillator

in this geometry; microwave automatic frequency control; noise behavior of

these oscillators; circuit functions in microstrip; integration of mixers;

low cost power supplies; environmental packaging, etc. While we cannot hope to

solve the multitude of technical problems described here we feel that we

can obtain an insight into the overall systems requirements and develop

engineering trade offs.

In this effort we have back-up support from the Monsanto Company, suppliers

of Gunn effect devices and the facilities of the Washington University Computer

Cu,,pufJ_rli_ LaboraTory wnwcn has full scale capability in low frequency

integrated circuits. A more detailed description of the Washington University

Gunn-Effect research program and capability is included in Appendix D.

5. The Educational Impact of Educational Satellite Systems (PhD, M.S.;

Education; Profs. Anderson, Morgan)

There is currently great dissatisfaction with and unrest in the U.S.

school system. Large urban high schools have drop out rates of over 50%.

Illiteracy still remains a problem. Other groups singled out for study

in the Coleman report, (9) such as American Indians and Spanish=speaking

Americans are not being afforded equal educational opportunity. The problem

of providing such opportunity should be a major focus for national effort

in years ahead. (10,13)

There is a pressing need for the technologist to understand the realities

of our educational system and needs, and for the educator and policy maker

to understand the opportunities and limitations which are inherent in any

technological innovation. (11) As a consequence, we have begun a study of

the impact of the new media and, in particular, an equal educational

opportunity satellite system on U. S. education. Such a study should yield

new insights into the problems and possibilities.

Being considered are _uestions of teacher acceptance of technological

innovation, effectiveness of media, particularly for the disadvantaged,

and organizational problems associated with a satellite system. A

preliminary statement of some initial considerations is included in

Appendix _.



It is anticipated that this study will focus downon other specific
problem areas such as the following:

a. Details and requirements for a particular geographic region,
e.g. Alaska and the Western U. S.

b. Requirements for specific user groups and curricula, e.g.,
high school mathematics, pre-school children, etc.

c. Media Utilization (See 6. Below)

6. Educational Utilization of Voice Plus Still Picture Transmission

_I_5_jM.S.; Education; Profs. Anderson, Morgan)

Although some studies have been carried out to evaluate the effectiveness

of voice plus still picture presentations for education (i2) much work
J

remains to be carried out if such media are to be used effectively. The

advantages of utilizing this combination in terms of bandwidth savings

has already been discussed.

We will develop some materials and use them at one or more age levels

in the St. Louis area. We currently are considering two specific learning

experiences; high school-level mathematics and introductory computer logic,

and 2) Spelling. We plan to undertake these projects in the St. Louis

Community with the cooperation of such individuals and groups as Rober#

Glazier, Program Manager, Station KETC-TV (educational television), St. Louis,

and the Multi-media Student Laboratory at the University City (Mo.) High

School. We plan to involve inner city high school students in making the

program materials.

7. Legal Problems Associated With the use of Communication Satellites

For Educational DeveloDment (Law, Professor Bernstein)

Any proposals to use communications satellites for the transmission

and dissemination of educational materials, either within the United States

or in other countries, necessarily raise a host of legal problems. These

problems run the gamut from questions relating to international public laws

and treaties, through national methods of allocating spectrum and barring

extra-territorial transmissions, to problems of rights to own, control and

utilize specific materials and programs. Although a number of these problems

have been investigated to varying degrees, the results are uneven and

uncoordinated.

Three specific legal research studies are presently contemplated:

(a) A general background study will identify the major legal issues
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that will be created by any satellite educational system and

anaylze in detail the state of existing law with respect to each

issue. This study will produce a much needed compilation of

existing legal research as well as an identification of the

significant areas which have not been satisfactorily explored to

date. The study should furnish insight for the non-legal participants

in the program into the legal parameters which must be considered

in overall systems studies in addition to providing a valuable

starting point for future legal research. This study has already

begun (See Appendix E.

(b_ lhe equal educational opportunity satellite system described

in section II C supra, will be examined from a legal standpoint.

The study will indicate the extent to which the proposed system,

as it develops, is _consistent with existing law and the specific

modifications of the present system that must be made before such

a proposal can be put into effect. The legal questions raised

under item c below are anticipated to be of primary importance.

(c) An in-depth study will be undertaken of questions of ownership

and control of p mm"rogra ......Ing material transmitted over a domestic educational

satellite system. This study will attempt to answer questions such as

the following:

(i) Would such a system be able to use existing materials

presently in suitable transmission form without the consent

of the authors, producers or participants originally

responsible for such materials?

(i i) Could audio-visual educational materials be developed from

material presently in forms not suitable for satellite transmission

(such as books) without the consent of the original creators of

such materials?

(iii) What rights would the authors, producers and participants

in materials developed for the system have in the resulting product?

Would its transmission and dissemination in the manner proposed

limit or destroy those rights?

(iv) If materials are transmitted to a memory bank for storage

and selection by individual users, could such users make revisions

or deletions in the materials without the consent of the original creators?
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(V) Could such materials be made %vailable for use in public

school classrooms throughout the country without prior screening

and approval by state or local boards of education?

(VI) Do any doctrines of the Federal Communications Commission,

such as its "fairness" doctrine, place affirmative obligations

on such a system to disseminate or refrain from disseminating

any particular materials?

Special emphasis in this study will be placed on the United States

Copyright Act of 1909 and the proposed revisions thereto presently

pending in Congress.

8. Other Research Topics

There are a number of other directions which the research could

take during Phase II, depending upon the interest shown by facul-

ty. members and students at Washington University. Significant

policy questions such as international organization for satellite

utilization and cluttering of orbital space need not be separate

research tasks but can be dealt with in courses or seminars.

Expressions of interest may develop further from the Indian Space

Research Organization or the Indian Institute of Technology, Kanpur

between now and April, 1970 when the Program Coordinator with

co-chair the 3rd AIAA Satellite Communication Systems Conference

Session on Systems for Emerging Nations. Cooperative efforts in

hardware-oriented research are possible.

For example, one of the least researched but potentially important technical

fields of interest in the satellite field is the power source for the receiver

package in remote areas with no electricity. Domestic applications include

Alaska and Micronesia. In.lndia, by 1979, it is estimated that only 15

to 20% of 560,000 villages will be electrified. Studies of the use of media

in family planning may also emerge. A small amount of program funds might

be utilized in such an effort.

It should be pointed out that all of the research tasks defined above

in Items A through G are directly relevant to application within the

United States. It is further anticipated that a major portion of the funds

committed to Washington University at this time ($200,000) will be directed

toward U. S. application. However, should the need and opportunity arise,

15.
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we would like to devote a small amount of these funds to cooperative research

efforts between our International Development Technology Center and individuals in

developing countries. We stand to benefit greatly as a nation by learning

from the experiences of others who are movin 9 ahead with satellite education

experiments. For this reason, as well as the fact that such cooperation

is consistent with NASA program objectives to participate in cooperative

international efforts and extend the benefits of space science and technology

to all mankind, we would not wish to rule out the possibility of utilizing

some resources in ways which might seem more relevant to other countries

than the U. S.. However, it should also be kept in mind that in many

instances, it is difficult to separate the two. For example, a satellite

system which distributes a large number of audio and visual (still picture)

signals might be of great interest and utility in other parts of the

world as well as the U.S.

C. Other Program Elements.

During the spring of 1970, plans for additional program

elements will be developed. One possible future program direction,

involving cooperation with Indian institutions, should move towards

a _ =_ _ wi =_ _+=_+_ ,.,i+h_+_+_.... sion point, ln .... t ...., we II ......u.._ _r _..._._ ......w.......a!

program users and consultants (students, educators, broadcasters,

government officials, etc) in the St. Louis area and elsewhere.

We will also begin to plan one or more workshops which will bring

together people from the university and the community to explore important

issues such as the impact of satellite communication on educational

needs. The first such workshop might be held as early as the summer

of 1970.

IV. FINANCIAL REQUIREMENTS.

The current NASA grant for this program is for a total of

$200,000 over three years, step-funded downward as follows:
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$100,000

$65,000

$35,000

Yr. 1970 1971 1972

Prior to April I, 1970, we p an to submit a request for an increase

in budget as shown below:

$100,000

$135,000

65,000

$165,000

35,000

$200,000

Fiscal Yr. 1970 1971 1972 1973

The emphasis in the NASA-funded Office of University Affairs grant

will remain technologica ly centered and primarily domestic oriented.

The additional funds will enable us to continue our efforts and to undertake

some meaningful experiments involving new hardware and educational technology.

We also plan to approach A.I.D. and the Office of Education for

additional funding in connection with international and software aspects.

However, this does not alter the need for the kind of significant NASA

funding requested above.

V. CONCLUSION.

We hope that this report demonstrates that we have made good progress

towards meeting our program objectives. We believe we are undertaking a
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unique and significant program which is truly multidiscip inary and which

has the potential for coupling technology to social problems in an

effective way. We wish to reiterate that the program is most relevant

to the needs of NASA and the needs of the United States in the following

It emphasizes the application of space science and

technology to help solve the educational crisis facing

our nation and the world.

b. It will train future professionals in a variety of

di_cinline_ who _an fill a vital need in both the

public and private sector for individuals who are

knowledgeable about broad areas of application of

the national aeronautics and space program.

With continued support of the kind indicated above, we believe that

we can successfully create a new form of university experience which will

be a leading example of how universities can meaningfully respond to societal

needs; a program which the supporting agency, NASA, can point to with a

sense of accomplishment.

ways:

a.

18.
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APPENDI X A

"EQUOPS" An Equal Educational Opportunity

Satellite System

by R. P. Morqan

"The point to remember is that the birth of a technological

innovation, such as communication satellites, is a moment when

institutional arrangements and practices are bound to be considerably

upset. It is an opportunity to modify institutions and policies in

ways that mav not necessarily or directly by connected with the

technical innovation itself. Thus, within the United States, the

desire for a Dublic television service to raise standards is bei'ng

linked to the emergence of satellite communications. Similarly, in

the world there is an opportunity here to create better institutional

arrangements and practi "CeSo, from report on "Communication Satellites"

by Stockholm International Peace Research Institute, Gunnar Myrdal,
Chairman.

The purpose of this section is to define a system which will

constitute the focal point for much of our effort during Phase II of our

program. It is important that there be a unifying theme or system

that a lot of people from different disciplines can relate to. Such a theme

or system can form the basis for multidisciplinary courses and for the

interchange of ideas between technologists and non-technologists. Individual

research tasks can be continually defined and redefined as a result of

such interaction, and more basic research efforts, while relevant in their

own right, can be continually scrutinized for potential application.

However, a word of caution is required at the outset. First of

all, we are not advocating one system at the expense of all others, nor

do we require at this stage of the game that all of the specific research

tasks to be undertaken under the overall program necessarily appear to be

those most immediately relevant to the system to be defined. We reserve the

right to have some flexibility in those things we undertake and to change

directions if the need warrants. If a multidisciplinary research effort

carried out at a university is to succeed, this kind of flexibility is

essential.

The system we have begun to examine we have termed in this era of

pneumonic proliferation, EQUOPS, an Equal Educational Opportunity Satellite
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System. In general terms, we are directing our efforts towards a system

which can aid in providing improved educational opportunities for disadvantaged

groups and people in society. This effort to couple technology to pressing

social problems in an intelligent, sensitive and effective manner is the

dominant theme of our overall program•

Our primary concern will be with a system that is applicable and

relevant to educational needs in the United States. In general, much

less careful attention has been given to educational satellite applications

in the United States than in developing countries. However, it is very

likely that the ideas we are developing and the research which we are

undertaking will be equally applicable to other countries. Furthermore,

we stand to learn much and to benefit greatly from interaction with satellite

application programs and studies in the international area.

Some of our preliminary discussions have indicated that satellite

transmission of educational _materials might have greatest impact in

widespread, remote areas or in areas where the infrastructure for alternative

means of transmission has not been constructed. This kind of analysis

has been responsible for the strong interest in satellite systems in

countries like India and Brazil. A number of ideas have been proposed for

domestic area-specific or group-specific studies such as Alaska, Alaska

plus the sparsely populated Western States, Appalachia, and Migrant Worker

areas. These kinds of studies are of interest to us and can be pursued

within the framework of the proposed oroeram

However, the system which we initially are examining in detail is

one which is not area specific or group specific. It is a system which,

because of its large, multi-channel capability, could be used by a variety

of groups in a variety of regions. The multi-channel capability is

achieved by utilizing a combination of audio-channels plus still pictures.

Such a system permits a large number of programs to be broadcast in

the bandwidth of one television channel, thereby saving on the in-air

spectrum requirements, a key limitation for future broadcasting.

The basic idea of utilizing voice plus still pictures is not

new. In some of his earlier writing, Arthur Clarke, the godfather of

communications satellites proposed an "electronic blackboard", which he

describes as "presenting the possibility of an interesting compromise

between radio and full-scale television." According to Clarke: (IA)
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"It should be possible to devele_ a cheap and simple slow-scan

facsimile-plus-sound receiver which could operate on the normal

radio-bandwidth, without requiring the approximately thousandfo d

greater spectrum space needed by television. Such a device could

reproduce line drawings and cartoons (half tones would be unnecessary)

at a perfectly adequate speed for educational purposes, where the

same picture has to stay in vie._ for a minute or more."

In an important supplement to the Carnegie Commission report on

Public Television, J. C. R. Licklider discusses the problems and potentialities

of using television in new and innovative ways. (2A) For example;

"Instead of broadcasting a "moving picture"-a succession of still

pictures, each minutely-different from its predecessor - the transmitter

sends out a sequence of still pictures in which one is quite in-

dependent of the next. The still pictures, coming at a rate of

thirty per second, constitute a vast informational resource from which

each receiver can select. The receivers are designed to pick out

certain images and to hold each one for view until its selected

successor arrives. Thus the viewer sees a succession of still pictures,

each selected from a large set of alternatives."

A recent review of the properties and uses of communication media by

Bretz (3A) states that;

"Still-picture television is the most promising unexplored telecommunication

medium. It appears to approach both television's universality of use and

radio's inexpensiveness. Still pictures and sound may be broadcast in two

ways, which are sufficiently different to justify classing the two as

distinct media: slow-scan and time-shared television. Because neither of

these is in acutual use today, except experimentally, they can be discussed

only in terms of their inherent characteristics. How they could be applied

is only speculation, but the indications are strong that they can be used

for many instructional purposes. In a world where the usable electromagnetic

spectrum is less and less able to accomodate all of the broadcasting demands on it,

a system that can fit up to 300 still-TV channels into the space of one

standard television channel may be very practical indeed, even if the lack of

motion somewhat lowers its effectiveness. Some of the digital methods of

encoding and transmitting still pictures developed for the space program may
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soon be applied, which could make this medium even more efficient in its

use of the broadcast spectrum".

Figure 2 is a schematic diagram which shows some of the components of

one configuration for the EQUOPS system. In addition to the delivery of

audio plus video-still signals, a multi-media system might include transmission

of facsimile by satellite. Facsimile represents a potentially attractive

alternative to physically transporting "hard" copies of reference and

supplementary study materials. Fig. 3 shows Receiving Center details

A number of questions have been raised about the effectiveness of voice

plus still pictures versus full-motion television. In particular,

aiihuugi, ,lui i,ovi,,gFull IllUi]UIIIlldy b_ d pby_iIUiUy_bal d]badVallla_e, ]]

need not necessariliy hinder certain kinds of learning. In fact, some have

argued that certain kinds of motion can actually hinder learning and be

distracting. One extremely effective use of audio plus still pictures

which comes to mind was a history of the U.S. as seen through pictures

shown on the Smothers Brothers TV show about one year ago. Further

experimentation and evaluation is required.

There are a number of important system considerations which must be

tackled at the outset. One relates to the attitudes of teachers towards

use of media and their ability to control programs locally. Ideally, we

would like to build into such a system the ability of the teacher to

preview materials as to suitability for the classroom prior to actual

utilization and to alter such materials as desired.

Another important consideration is to try to design a system which is

realistic with respect to present and projected technology. Predictions for

the potential growth of cable TV and improvements in cable technology might

bring about a situation in which satellites are used to interconnect cities

which are wired or which have rebroadcast or microwave link capability. The

essential in-air transmission spectrum savings for a voice-still picture

combination would still be an attractive feature of such a system. Cables

with 20 or 40 channel capability also present the possiblity of thousands

of channels for voice or still pictures with feedback.

The use of voice plus still pictures provides a potentially attractive

alternative or supplement to full-motion television or radio. In Appendices

B and C, some preliminary studies of facets of the EQUOPS system are

described.
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APPENDIX B

Preliminary Ideas and Specifications for EQUOPS:

A Communications Satellite for the Dissemination of Audio-Visual Programs

By

Herbert Oh Iman

This section contains some preliminary thoughts about the EQUOPS system.

They represent a starting point for discussion and analysis and have not

yet been carefully evaluated.

Almost all of the arguments so far put forth for educational communications

are centered on the medium of educational television (ETV), while little

attention has been given to other possible uses of educational communications

channels. One of the few recent attempts to make a case for other media is

a paper by Jamison, Jamison and Hewlett. [2B) They overstate the case for radio

as "better than ETV", but nevertheless, it is worth considering what can

be done by audio means alone. There is an enormous repository of material

_n.. +_s,... _m,_,,,.. For example, the ,_M_ional, _,,,_,_ for _^"_'so Tapes ,,a_

12,000 audio productions available for instructional use. There is also a

large and well-documented body of knowledge on audio-only presentation

methods, both in this country and abroad.

A reading comprehension experiment by Travers and Jester showed no

significant differences among audio, video, and audio-video versions at

up to 200 words a minute, but as the speed of presentation was increased,

auditory comprehension fell off much more rapidly than video--and the AV

presentation showed an increased advantage over either single-channel presention

Also, Travers notes that in an AV presentation, each subject chooses the

modality most effective for him. Thus a group of subjects can receive information

better than when the information is presented through a single sense, which would

tend to penalize some subjects. The importance of this latter finding

for disadvantaged students, particularly those of poor reading skill, cannot

be overemphasized.

What one should start with is the widely different capabilities of

human learners, in relation to the instructional objectives of each subject.

Certainly, large parts of such subjects as music and spoken-language

(2B)
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learning are best appreciated through the aural sense, but just as

obviouslyja subject such as painting demands high-quality visuals. However,

when we wish to discuss a painting with a student, it would hardly be

a good solution to present the discussion _n text when his eyes should be

on the picture! Similarly when it comes to language, if our objective

is to teach the written language as well as the spoken language (and in

particular to develop both of these capabilities), there is great benefit

in being able to see the textual material while hearing how it is spoken.

Thus, one could divide a reasonably large part of the world of learning

(that portion which doesn't require a large amount of motor inputs on the

hart nf th_ l_rn_r_ intn _hr_ hrn_A p_+_nnri_. _,,dTn nnlv vi_,i_l nnl\1

and audio-visual.

A much more detailed breakdown can be usefully employed, as shown

by Jack V. Edling CIB) in his paper "Media Technology and Learning Processes."

Edling breaks media down by their degree of closeness to direct experience

with people or with things (or in programmed-learning terms, by an

increasing number of cues). Given such a model, one needs to so specify

his educational objectives that he can decide from moment to moment in a

learning experience whether to have a greater or lesser number of such cues.

From the economic point of view, we must consider what adding an

additional increment of reality--that is, increasing the number of cues--

buys us educationally. Although this question is probably unanswerable in

general, rough limits can be set to the problem. If we neglect either of

the two primary sensory modes, it would seem that we are not maximizing

the use of the learner's time. This is a very tenuous assumption however,

because when we are using a single mode of presentation, it is seldom

saturated. Good learners can acquire information at much higher rates.

For example, in silent reading, 500 to 700 words per minute is not

uncommon for one trained in speed reading techniques. Similarly, the ear

is capable of accepting information at a much higher rate than can be

given by a speaker, and there is good reason to b_lieve that the ultimate

information-input rate is not limited by either of the main human sensory
(4B)

organs, the eye or the ear, but only by neural mechanisms in the brain.

What seems to happen if one sensory mode is being used efficiently is that

other sensory modes are locked out to some degree. Furthermore,

motivationally, and particularly with children, where a large part of
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their early learning experience has been via the television medium,

there is an expectation that both senses will be used. Thus, a strong

argument can be made for having two sensory modes available in educational

media--the only question is the degree of correspondence to reality that

is required to provide effective programming over a wide variety of subject

matter, and learning needs and differences.

If we look at television, we find that we have high-fidelity

(although monaural) audio available, and a relatively low-fidelity

color picture, with motion capabilities. There are, of course, many

instances where nothing less will do. This is particularly true where

we musT aT leaST glve Tne appearance ot reality, ana when we are aeailng

with situations which should be regarded as being live. However, for

instructional purposes, these occasions are few and far between, and

we can certainly forgo the immediacy criterion. In fact, if there is

much information to be transmitted, it is essential for good retention

that the material be repeated a number of times--perhaps with changes

being made to sustain interest--but nevertheless this kind of reinforcement

is instructionally very desirable.

TV for Instruction

Looking at the economics of the situation, the most severe media

requirement is that of motion. If we are willing to sacrifice this

capability, we can achieve an immediate saving of several hundred

times in bandwidth, which we can then trade for versatility in terms of

the number of different ,channels that can be made for available for

approximately the same cost.

Thus, what we propose is taking the 6-MHz bandwidth required by

a single television channel, and devoting it to a hundred different

audio-visual channels, each capable of carrying one audio signal and

a sequence of still pictures. We will call this educational satellite

system EQUOPS. In fact, because we have essential broken the tight bond

between sound and picture, we can use these channels in a number of

combinations, such as audio only, stereo-audio, visual only, audio-visual,

etc., as required by the educational objectives of a particular subject.

One way to divide up the utilization of this enormous bandwidth

for a nationwide audio-visual communication satellite would be to devote



I

!

i

!

i

i

i

I

I

i

I

I

i

!

I

some channels to scheduled programs of wfde and continuing interest,

and others to specialized services. The former type of programs would

be repeated over and over according to predetermined frequency of use.

Users would be made aware of the scheduling, both by printed materials,

and by using one of the 100 channels* to announce what is coming up in

the immediate future. Similarly, time zone and other local differences

(such as language) could be easily taken care of, given the mulitiplicity

of channels. Remaining channels could be used to transmit specialized

instructional materials on-demand. CaTalogs of such materials available

on this basis would be frequently updated and widely disseminated.

The Nature of the Ground Equipment

Because we want to fully utilize existing closed-circuit television

presently on the ground, such as cable and 2500 MHz, and in particular,

the rather large capital investment presently devoted to television

receivers, we conceive of the receiving part of the EQUOPS system as

being completely compatible with these existing educational distribution

systems. While no particular modification would be required for

audio-only programs, certain additional hardware is essential to

display the visual portion of the programming.

Because we are sacrificing motion in our A-V material, it is

necessary that a means be provided to continuously regenerate the

picture 30 times a second to feed the TV monitor until a change of

picture is desired. We propose to accomplish this as much as possible

with existing hardware and a number of approaches will be explored.

FOr example, one method might be for a high quality nonprofessional

multi-track audio tape recorder (or recorders) to receive EQUOPS signals.

Each track stores an audio signal, or a (still) video signal, or a sequence

of digital control signals.

At 7½ inches per second (the usual nonprofessional high fidelity

4

recording speed), a single picture of television quality could be

recorded in app_ox_imately 8 ft. of tape, each complete picture

requiring a 12-second broadcast. However, 12 seconds would be far too

long for a viewer to wait to see a complete picture; worse, without

some means of storage, the lines of the picture would disappear just

B4.
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as fast as they are written. Thus, additional speed buffering is

required to make the system feasible. This might be accomplished by

transferring the tape-stored picture at local convenience to a magnetic disc

system.

One promising device just coming on the market is the Panasonic

"Video Sheet Recorder", which is capable of storing 450 different

pictures(TV frames) on a 12"-diameter disc. Although detailed

specifications of this device are not yet available, it appears that

it can be used for recording either conventional te evision signals,

which can be played back at normal or slow motion, sampled TV

frames tor s_op-moTion, or sTill picture_. Any u[ ;,_= _o,, t;,en

be played back for display on unmodified television sets.

Because this video disc device is capable of storing and retrieving

450 picture frames on each recording disc, audio tape recorders may

not be needed to store the pictures, but would probably be needed to

record the sound to be associated with the pictures; it would merely

be a matter of devising a control system to sychronize the sound

track with a sequence of pictures. Such a system might use the techniques

developed for sound-slide or {ilmstrip projectors, whereby an impulse

is recorded on the same audio track, using a frequency outside hearing

range, or on a separate track using audio tones or pulses, which

trigger the changing of the picture in the slide or filmstrip

projector. The only matter remaining is to insure that the

device which is recording signals is not restricted to television

input speeds. If not, then audiotape probably will be required as

a intermediary buffer to receive and store the signals from the satellite.

However, the problem remains of bringing this tape up to very high

speed to couple to the disc, or slowing the disc down, or a combination

of these.

In essence, the problem is one of taking a very slow speed picture

and storing it so that it can be recycled rapidly for display on an

ordinary television set. Because typical filmstrip presentations run

30 to 40 frames, each video disc can store approximately 10 such

programs. While this may be enough for some instructional situations, many

of the larger users will require more simultaneous programs, in which

case it ma X be necessary to use several Video Sheet Recorders. A better
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solution would entail device specialization, so that one device does the

recording from the satellite signal and several much-lower-cost devices

are used to play the disc back. If these devices were low-cost, they could

be incorporated into individual monitors, thus giving many school systems

which to do not have closed-circuit TV access to this material at minimal

cost. They would be using the television set virtually like a rear-screen

projector, but with the great advantage that the usual manipulational problems

of AV hardware would be by-passed, and with a considerable saving over

having to have different display devices for each medium. Video technology

provides a tent under which all media so far developed can be used.

............ F ...........

EQUOPS is launched, it is highly desirable that a prototype system be put

together at Washington University for use in local school situations, in

conjunction with educational television station KETC (Channel 9). We

will explore engagement of both city and county systems in this experiment.

The city already has an educational radio system in use, which the Superintendent

of Schools, Dr. William Kottmeyer, has used to great effect teaching spelling.

It would be a natural step to see what could be gained, and what the

problems are, in adding the visual element to a limited number of spelling

instructional situations.

Furthermore, KETC could air some of the still-picture/sound combinations

(which have been shown to be effective in filmstrip or slide form) during

the school day, under carefully controlled conditions and with good

evaluation techniques. Thus the first phase could be done without any

of the specialized equipment by simply using a Telop (flying-spot scanner)

system. Once this concept was shown to be educationally viable, we could

proceed on to the next phase, which would entail the installation of a

few disc recorders in school systems, and using late-night and early-morning

hours to broadcast specialized materials on-demand to each of the participating

school systems over ETV stations. The third phase would attempt the use of

a multiplex FM channel to distribute these materials.

Thus, by an evolutionary process, we can prove out both the educational

and operational advantages of this system over the next two years. If

EQUOPS Was to be launched during 1972, we would have a reasonable number of

ground systems already in operation ready to make use of its signals.

By providing the satellite with bandwidth capability in multiples



of a single television channel, we can use such channels for live

television during the school day, and distribute audio and visual

educational programs the rest of the time. This would be particularly

good for current events, which could be explored to a muchgreater

depth for student audiences than either a commercial or ETVnetwork

could be expected to provide.

Thus, what we are considering is not a substitute for educational

television, but an entirely new and complementary service which can

take advantage of a host of instructional material developed over many

years to p,rovide for muchmore specialized audiences and interests

Than _s warranted by The usual economics of educational television. In

a sense, the EQUOPSconcept is half-way between television and radio, and

we feel that it will fill this great void in a very significant manner.

As in other aspects of the EQUOPSsystem, the feedback aspects

(of which ordering materials on-demandis just one phase) are expandable

in easy stages. In the initial experiments on the system, there is

no reason why regular ground communication channels cannot be used for

ordering or feedback; however, if EQUOPSitself is to have feedback

capabilities, major design differences will be necessary. In fact,

the whole question of feedback is one that requires intensive study

of its own to evaluate the technical, economic, social, and legal

trade-offs anticipated during the satellite's life-time.

EQUOPS Step-by-Step

The first stage of development of this system would envision

having ground transmitters at convenient locations. Of course, as in

many other types of long-range communications, it is desirable to

establish the physical transmitting equipment at some distance from

production studios, for such reasons as land-use strictures and

cost, and interference. However, it is also desirable that these

distances be kept as short as possible.

One site in particular recommends itself for the first wave of

transmitting ground stations, and that is the National Center For

Audio Tapes at Boulder, Colorado, which now has approximately 12,000

audio-only productions available. They claim this is the largest

collection of instructional materials in the country. Simiarly, other

centers which have built up large stores of instructional materials,

B7.



such as NET Headquarters, MPATI Headquarters, and several of the most

advanced state education systems, should be considered as first-wave

sites. Each of these sites would be provided with appropriate editing

equipment to enable their materials to be converted to a form

suitable for EQUOPS communications and storage. For example, material on

films and videotapes would be edited in such a way that a sequence of

still pictures would be drawn from the programs, and modified narrative

developed to acocompany it. The reason that the Audio Tape Center is

so attractive is that this one could use EQUOPS facilities without

mod!_r_+inn. Algo. film striD and slide sequences could be sent using

sometype of flying-spot scanner. Thus, even in the early stages we

anticipate having a number of sending stations, perhaps between 5 and 10,

while, on the receiving end, we would want to involve perhaps a hundred

school systems and community centers. These receiving locations would

be picked on a careful stratified sample basis, to provide the maximum

amount of data for evaluation. That is, a number of them should be

located in major metropolitan areas, some in small cities and towns, and

some in rural and remote locations. The latter will, of course, require

special efforts of the part of the developers, as it is anticipated that

necessary operational personnel will be particularly hard to locate in

these remote areas. On-the-job training may be the answer in these cases.

The most desirable situation for the EQUOPS satellite would be a

coverage extending over all of North America. Channels would be best

assigned on the basis of school-age population (but w#th each country

getting at least one audio and one visual channel). Therefore,

special efforts might be made to develop a cooperative program with

our neighbors Canada and Mexico. In any case, because of the nature of

satellite communications coverage, it would be difficult or impossible

to exclude signals from border portions of these countries. We think

that EQUOPS provides a considerable stimulation to such cooperation, as

we could offer both French and Spanish language material on a number

of channels--material developed by Mexico and by Canada, for example.

Obviously, this also would provide great advantages for U. S. foreign

language instruction. In fact, having a great number of channels

entirely changes the picture of satellite communications from one of a

scarce resource to one of plenty. Thus, a great deal of experimentation

B8.
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can be done at low cost.

The feedback capability from the hundred centers would start off

rather simply. What is required is a single point of entry into the

system for all its customers, which would probably best be located in

the middle of the United States. This station mayor may not be

associated with a transmitter or program material. It would however,

contain a small to mediumsized computer, and perform essentially a

booking operation, whereby users would call up over the long-distance

phone system, perhaps using the iNWATSclass of service. The computer

would be coupled to an automatic voice-answerback system, and the whole

process could thus be madecompletely automatic, excepT TOr excepiiu,,a

cases, which would be handled by a resident AV expert.

This first-wave system centers on the widespread avilability of the

Touch-Tone telephone to be used for both "dialing" and data entry. Thus,

once the requestor has madeconnection with the computer he would key

in the order numberof the desired material, and the computer voice-

answer-back system would respond with either a confirming date and time,

or with a messageof temporary unavailability.* The only additional

action necessary on the customers' part would be to insure that they had

their receiving system turned on prior to the proposed transmittal date

for the materials. At the time of transmittal, the computer would see

to it that the instructional material was put on the air at the appropriate time,
and that a signal be transmitted just prior to this time, which would

address the ground site or sites requesting the material. This would be

done through well-developed telemetry techniques, and might eventually

include both turning on the receiving set, and tuning it to the proper

channel. In addition to this, because a numberof other ground receivers

might be desirous of getting the samematerial, announcementsof the

complete broadcast schedule, both of scheduled access and demandaccess,

and last-minute changes, would be madeavailable to all users through
a facsimile channel.

It is believed that the most critical aspect of the system to be

developed centers around the ground stations in school systems and

community centers. Although we believe such a center could experimentally

be put together with equipment presently on the market, over the long

run certain types of specialized equipment might be developed especially

for this system. Furthermore, it would certainly be necessary at most of

*More general question-capability could be added to the system later, such
as providing special lists of available material in different subject areas.
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these ground locations to have a resident AV expert, plus one or two

technicans to handle the somewhat complex scheduling required locally

(however, this is only the case if on-demand capability is desired).

It is certainly true that if a ground system was made only for scheduled

access--similar to the present ETV system--a technican could probably

be trained to handle all local control requirements.

The system as a whole should be made as adaptive as possible to

the changing needs and requirements of its customers, particularly in

attempting to always optimize the use of the channel capacity (however,

_Hch channel-use optimization is less important by several orders of

magnitude than would be the case with full-television capability#.

What we mean here is that when demand requests are few, that the system

would take up the slack and fill the unused channels with more scheduled

access materials. On the other hand, when demand was heavy, scheduled

access would be cut down--but never brought below a certain minimum.

In summary, what we have is a system that takes on a hybrid

character, somewhat between pure broadcasting and the switched telephone

network. Hopeful y, this would provide capabilities not now in existence.

BIO.
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i. INTRODUCTION

APPENDIX C

Preliminary Studies On The

Impact of EQUOPS On The

American Educational System

by

James R. DuMolin

The inequalities of domestic education have, for the decade

of the sixties, been a major focal point of dissatisfaction and

unrest. In response there has been a tremendous expansion of educa-

tional facilities, and a Concerted @ffort has been made to expand

education on an equal opportunity basis. But educational deprivation

is still chronic at the bottom of our nation's social structure.

These groups have become dispossessed from the educational mainstream

of the middle classes and are plagued by problems of sickness, broken

families and mental illness.

The increasing spread of affluence in our nation as a whole has

not decreased its social problems; however, it has increased demands

to attack and eliminate existing social problems. The disenfranchised

segments of our society have been seized by the "revolution of rising

expectations" and are now demanding social, economic, and educational

Justice as part of achieving their share of our_oc_ety's benefits.

Attention has been focused on the inability of American schools,

both public and private, to educate the children of the poor. In hopes

of finding possible solutions, educators and media specialists are

combining their talents to develop new educational tools to help bre_
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the cycle of inadequate education in culturally deprived areas. The

purpose of this paper is threefold; first, to discuss the basic

problems involved in the development of relevant media material and

to outline existing educational trends in its utilization; second,

to propose a new and somewhat unique method for universal distribution

AW
of educational media via satellite onAequal opportunity basis to

all areas of educational need; and third, to discuss the impact of

this new media-distribution system on both formal and non-1"ormam

education in the United States.

C2.
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2. The Role Of Educational Media In The United States

In discussing the role of educational media, it is necessary to

examine past experiences in the utilization of mass media and to

study present trends in the use of media in the American educational

system. By "educational system" we mean not only "formal" education

(primary, secondary, and post secondary) but also "non-formal" processes,

including special preschool education, on-the-Job and in-service

training, functional literacy classes, professional refresher courses,

and special youth programs. These formal and nonformal educational

activities collectively comprise the nation's total organized

"educational system".

In discussing the term "new media" and its relevance to education,

our concern lies in the various forms of television and programmed

instruction, as well as a variety of devices such as motion pictures,

sound tapes, film strips, micro-film and slides, all of which have

been used for many years.

The new media in relation to education have three major functions:

providing information, socialization, and mobilization (Janowitz and

Street, 1966_. The information function is the transmission and

dissemination of information and essential knowledge, and the posing of

alternative forms of economic, social, and political action. The

socialization function is the communication of cultural norms and the

transmission of values which orientate a person toward the proper modes

of social interaction--from the family to the nation-state. The

mobilization function is the process of persuasion and the development of

loyalties m_d associations which are necessary for collective problem-solving.

* See bibliography at end of this Section.
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The media functions of information, socialization and mobilization,

as described, are socio-cultural in nature and differ greatly with the

usually narrow stimulus - response models which center primarily on

the structural aspects of the information function. Past studies

have been mainly concerned with the immediate effects of media on

classroom technique and the economic and organizational problems involved

in its utilization. Questions are seldom asked about the long-term

co_q,_n_ n? m_.. _b as its impact on studen% interest, morale,

values and social relations. There is little information on the effects

of media on the teaching staff, student body, or the educational institu-

tion as a whole. In many cases these side effects of socialization and

mobilization maybe more important, more powerful, and more relevant

to educational needs than the direct effects of simple information

dissemination.

The impact of the new media on the education system must be

examined in light of the social environment within which it must

operate. In America this environment is dominantly urbmn and metropolitan

in nature. It is characterized by a multitude of social and economic

needs which, combined with a variety of cultural and ethnic backgrounds,

challenge the American educational system.

The new media are being forced to adapt to the multiple social and

personal capacities of the student body and at the same time offer a

curriculum with enough diversity to satisfy the varied need of the urban

occupational structure. In this regard, the media are being used to

satisfy an increasingly heterogenous audience. On the other hand,

society demands that the functions of the new media--information,

socialization, and mobilization-equally stress symbolic values and content
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which are unifying and inclusive in nature and promote social needs

and interactions. In general, the new media are "mass" by nature and

emcompass a wide audience. It is, therefore, necessary that media

maintain some common denominator in form and content. The true challenge

in the development of relevant media is in maintaining the proper balance

between the need for specialized content and the importance of stressing

homogeneous and unifying symbolism.

To a great extent, the problems of specialization and homogeneity

are reflected in the American educational format. The first of these

formats is called "standardized" education, that is, the acquisition

of uniform basic skills on a mass basis to meet everyday technical and

social needs. The second format is "individualized" or "problem-

solving" education which stresses the differential treatment of students

for the higher development of both technical and personal discrimination

skills. These skills are emphasized in the socialization and mobilization

functions as opposed to the standardized format which stresses the

information function.

There are those who feel that the rapid introduction of the new

media, via satellite or traditional methods, will improportionately

emphasize the standardized format to the neglect of the equally important

individualization need. It is feared that the mass media in education

will lead to uniform treatment of broad categories of students in

@

routine and inflexible curricul a`

It has been suggested that widespread distribution of media will

promote an increase in the social stratification of the educational system.

Given the economy and utility of using the new media in a relatively

standardized format, there may develop, a tendency toward a two-track

C5.
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system of education. Many of the poorer educational institutions

(ghetto, rural and some private schools) are beginning to feel the

"brain drain" of qualified staff to better financed and safer schools.

As a result, many schools are supplementing their curriculums with

standardized ETV materials, and because of lack of qualified teachers

are sacrificing problem-solving orientation. The more affluent

suburban schools that have the financial resources will supplement

sts_ndardized eurriculum with personnel ane equipm_nL Lu p_o_otc

individualization.

If these trends continue, they may lead to the development of a

rigid, two-track, European-style system: standardized versus problem-

solving education. This would promote a social dichotomy between the

"have"and "have not" institutions. The "have not" schools of the

ghetto minority groups would be relegated to the utilization of

standardized formats which are best suited to the production of

technicians. The "have"sehools with their greater financial resources

would provide a problem-solving education for potentially creative elites

in a special privileged setting (Janowitz and Street, 1966).

These eventualities are not inevitable. The problems associated

with media expansion are not inherent to the media itself, the media

per se do not introduce standardization. It is the way in which media

are administered and distributed which increases centralization and

inflexibility. The rest of this paper is devoted to the development of

an administrative organization which uses advanced technological

distribution methods to make media presentation flexible enough to

overcome the present trend toward standardization.

C6.
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3. Audio - Visual Satellite Instruction

EQUOPS

The core of this program would be a multi-media instructional

satellite. Technically, it would have the capability of broadcasting

two hundred special audio or visual channels within a l0 M_zbandwidth

spread to all fifty states and U. S. Trust Territories. The audio

_houne1_ w6_Id be used for instructional radio, high fidelity music,

or as Sound tracks for the visual channels. Video channels would

have the capacity to broadcast selected still pictures such as slides,

film stripes, microfilm data and specially edited presentations of

normal television and film programs. Video channels would utilize

slow-speed broadcasting and recording techniques with lowcost storage

and special playback facilities linked to unadapted normal television

and earphone sets. The _Q_)_system would have the alternative

capability to transmit and receive one full-motion normal television

channel for instantaneous reception of special events.

Each school or community center would be equipped with a special

antenna and signal converter. This would be linked to one to four,

eight-track tape recorders, each with a capacity of simultaneously

recording four A/V channels for a total of sixteen channels.

Figure @ illustrates how slow-speed video signals are recorded, then

transferred to a video speed buffer where they are modified into normal

video still pictures for television use. These signals are then relayed

to a program selector unit where they are coordinated with their audio

counterpart and distributed to receiver sets via cable.
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Locally generated audio-visual media can be easily integrated into

the _U0_system by passing slides, microfilm, and film strips through

the speed buffer where they are modified into television signals for

distribution. Local films can be linked by a film chain into the

C9.

program selector and distributed simultaneously by television to the

desired classrooms. Language tapes and music lessons would follow the

same route as audio signals recorded from the satellite through the

program selector for distribution to listening centers.

The E_system has the added advantage of being able to handle

facsimile transmission over its A/V channels. In this way, supplementary

printed matter (teachers guides, discussion questions, tests, etc.) can

be distributed to the school along with the A/V instructional material.

The facsimile unit can produce a single copy which can be reproduced on

school equipment. The unit can be linked to a master scanner which will

automatically cut a master ditto stencil.

The_system has the alternative capability of receiving one

• d_
normal-time, full-motion television signal in lieu of its two hundre

A_ r channels. Scheduling between these two alternatives will depend on

need and demsmd. There is very little audio-visual material which

demands full-motion, real-time presentation. Most available instructional

television material could easily be edited into still picture presentations

without losing anything in quality or content. It is als0 quite feasible

to broadcast, record, and store the desired selections from the two

hundred audio-visual channels during the late night hours. This would

free the system for normal television reception during the day.

Broadcasted materials would be made available in two ways--scheduled

and demanded acceys. Scheduled access would include those materials that

*The exact number of channels remains to be determined.
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are used on a day-to-day basis such as continuing courses in mathematics

literacy, and music, or those items which have been shown to be in

constant or high demand. Demand access would be available on a twenty-

four hour, advanced request basis. Teachers or students would select

programs of special or unique interest and telephone their requests to

regional centers a day in advance of the time the material is required.

Computers would automatically assign channel and broadcasting times

and relay this information to the school in time for recording and storage.

The E@_system can easily be adapted to schools which are already

equipped with closed circuit television capability by simply interconnecting

the_@_);_program selector with existing equipment. Many institutions

and school systems receive their television signal via cable or

microwave from community ETV stations. These ETV stations could be

,equipped with a modified_@_receiver and playback units large enough

to manage the increased demand. In this way, _would serve as an

important addition source of material for existing large-scale ETV

operations without extensive and expensive redesigning and replacement

of equipment.

An essential part of the _@_system would be a fully-equipped

and well-staffed production and broadcasting center. These centers would

be placed at major sources of audio-visual materials and have on hand

access to large libraries of audio and video tapes, slides, and micro-

film data. Broadcasting centers would also incl_de special editing

departments where media experts would adapt presently available video

tapes and motion pictures into multiple still picture programs with

their appropriate som_d tracks for distribution over the special A/V

channels. Centers would be linked with the major news and TV networks

so as to be able to supply via satellite special events such as space
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achievements and presidential addresses.

In total, the _@_system provides the educator with an

unparalleled access to vast stores of previously hard-to-obtain or

undistributable educational material. It alsosupplies him with an

instant, high-quality multi-media presentation system which can stand

by itself or be easily integrated with existing systems. The

utilization of space satellites gives the system the unique ability

to universally distribute large quantities of instructional information

to previously unreachable areas where the educational need is greatest.

The final section of this paper will outline the major problems

in the utilization of the new media and illustrate _@UO_S capability

to meet these problems in both the formal and nonformal educational

context.

The Role Of _@QO_In The Educational Process

In the American school system, the pressures for adoption of the

new media have been strong and rapid, with little thought given to the

resulting social consequences. Generally, it is only after media devices

have been introduced that policy questions as to organization and

administration have begun to be asked. The answers to these questions

will determine if the new media are to be used to increase standardization,

as described earlier, or are to contribute to individualized education.

These questions will involve organizational control, curriculum

flexibility, and professional standards. The introduction of_@_D_will

raise many of these same questions.

Two major trends have followed the introduction of the new media

in school systems (Biddle and Rossi, 1966). Although there has been
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widespread introduction of media devices, they have been under-

utilized and closed off from students and teachers by compartmentalization.

However, professional educators are beginning to seek new ways to

present and organize media so as to overcome trends _oward standarization.

"Token saturation" is the phrase coined (Janowitz and Street, 1966)

to illustrate the situation resulting from powerful pressures for

introductive use of the new media, opposed by equally strong restraints

un IL_ __._--. m^_w__.....___*.............+_ _ _ _e_ult--underutilization--

are often the reaction of.administrators who have been pressured by

school boards to innovate but are hoping to avoid undue disruption of

their schools until effective administrative procedures are developed.

Many times the professional rigidity of the teachers themselves leads

to organizational sabotage of media projects. This reaction is generally

due to lack of understanding by the teacher as to what role the media

will play in his educational technique. Frequently, many teachers shun

media devices because of lack of experience in the utilization and

operation of the sometimes exceedingly complicated _paratus.

Many times media systems have built-in rigidities which make them

unable to cope with the variable needs of large school systems. One of

the reasons cited for the failure of the _ATI project was its inability

to produce a flexible ehough curriculum to meet the multiple needs of its

users. In addition, many media systems make no allowance for remedial

work by slower students or are incapable of h/mdling the special needs of

superior students. In short, administrative, professional, and technical

problems have greatly hindered the effective utilization of the new media.

In response to token saturation and resistance on the part of

administrators, educators have combined with scientists and technicians
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to develop adaptive solutions to overcome these problems raised in the

application of new media. These solutions include: the restructuring

of teaching tasks, programs for individual development, and the development

of interpersonal feedback.

In the area of restructuring teaching tasks, it must be remembered

that the media will at most play a modifying role and even under the

best conditions never be able to replace the teacher. The media will

act as a supplementary tool available for easy manipulation by the _eacner

at the right time. The t_acher who has ready access to a variety of

educational media--television, slides, audio tapes, etc.--will be able

to orchestrate his teaching procedure so as to provide the most effective

form of communication at the proper time.

The_@_@_system is designed to makeavailable to the teacher a

vast storehouse of media material from which to satis_ _ his needs.

Because of the easy availability of scheduled materials, which are

recorded nightly, and the rapid, twenty-four access to specialized

programming, the teacher is able to present instruction which is both

creative and pertinent to th_ varied needs of his classes.

In addition, because_0_S material is prerecorded, the teacher

previews materials before classroom presentation. _@&_ facsimile

unit would also provide written teachers guides and discussion questions

to help prepare the teacher's presentation. E_is flexible enough

to allow the teacher to articulate his personal needs, thus helping to

avoid many of the problems of rigidity which lead to standardization of

curriculum.

Of course, teachers will have to be trained in the proper methods

of coordinating media materials for classroom use. However, the teacher's
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Job will be simplified in that _#_&utilizes normal television receivers

and earphones linked to the classroom by cable from the school's

receiving center where a technican will coordinate the reception,

recording, and replay of the material for the teacher. In this way,

the teacher is not bothered by having to movehis class to special

viewing rooms or by having to waste time setting up and operating

complicated projectors and slide machines. The technician, who may also

be a media specialist, will act as cataloguer, librarian, supplier,

and in-service trainer for the teachers. By making the physical

presentation of media as easy as possible the _@_0P_systemgoes a long

way to insuring its proper utilization.

The second response educators are making to combat standardization

is in the araa of designing media programs to meet the developmental

needs of individual students. Attempts in this area have been frustvrated

by the very nature of the organized school system. The structure of

the American educational cycle is one of the lock-step progression

from one grade to the next according to chronological age, not mental

ability. The use of media to educate large blocks of students in

standard formats does not allow for individualized self-learning. The

school should make it possible for the student to proceed beyond his

grade level at his own speed or provide special assistance to help him

overcome deficiencies. In response to this need, the_system

provides the individual student with muchthe sameflexibility in
i

choosing study materials as it does the teacher. _'@_ two hundred.

channels provide not only the standard curriculum of normal ETV instruction

but also enough channel space to supply remedial programming for those

who need it. Superior students with more advanced interest would be able,
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with the help of their teacher, to develop their own curriculum using the

twenty-four hour demand access cabability of the _system. Individualization

is only limited to the number of television receivers and/or earphones

in the classroom.

Another area of adaptive development has emphasized media presentations

which avoid the loss of face-to-face interaction and feedback between

students and teachers. Only if the teacher has personal contact with

the student can he be sure that the material is relevant and accomplishing

its task.

Media specialists claim that the utilization of audio-visual devices

will mean the reallocation of time in such a manner as to provide

more time for interpersonal contact with individual students. This

they feel is especially true in large classes where interpersonal

interaction has in the past been impractical. As a counterclaim, it

has been argued that much of the teacher's newly freed time is taken

up in the organization and coordination of media presentations.

Studies are beginning to show that the great increase in teaching

productivity resulting from the use of media is not the cause of

freeing the teacher from his role as teacher but from increasing the

teachegs capacity to mobilize more resources in such a way as to

promote a higher degree of student interaction in the educational

process. It has been found that the introduction of media actually

@

forces the teacher to work harder in preparing and presenting class-

room material. In this process it is the responsibility of the

teacher to develop and maintain an effective system of interpersonal

communications with students. The_Q_program provides the teacher

with a system for multi-media presentations of varied and easily
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accesible materials but it is the responsibility of the teacher to

coordinate student activities and the media materials for maximum

effectiveness.

The effects of media on the personal self-esteem of the teacher

is a highly important factor in promoting effective utilization and

avoiding token acceptance. Some educators see the new media as a

challenge to their classroom authority. They feel that their position

is weakened by the inLrusion of outside experzs via the television

screen. This view neglects the fact that, with the introduction of media,

the teacher's role is transformed from that of an authoritarian to one

of a professional coordinator of expert personnel and resources. By

providing the greatest possible variety of high quality programming,

the _O_system increases the professionalization of teachers by

increasing their productivity and effectiviness, which in the long run

will bring highe_ salaries and greater prestige.

To the American youth, the school system is the central focus of

his daily life. Outside of the family, the school is the most important

institution in a youth's cultural socialization. In the schoolthe

youth learns responsibility and begins to assimilate citizenship

experience by emulating the examples set by teachers and administrators.

The utilization of the new media play as important part in setting the

scene for educational socialization. Media may be mismanaged in such

a way as to weaken citizen ship training by reducing the competence and

authority of the teacher or by increasing standardization. If this

results, the student will lack a respectable model to emulate and,

especially in the case of ghetto schools with minority group students,

will feel his educational experience is irrelevant to his everyday life

C16.
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and needs. However, if the new media are used as outlined in the

_Q_O_program, teachers and administrators will have enough flexibility

to express education with effective competence and automony. If the

student feels the educational institution is providing him with an

equal learning opportunity and individualized attention to his special

needs, he is being appropriately prepared for participation in a

demo cracy.

The preceding sections of this paper have illustrated _-qD@P_ capacity to

solve many of the problems concerned with the adoption and utilization of the

new media in the formal educational context. It is now time to

examine _@Q_ ability to satisfy those specialized educational needs

of the disadvantaged sectors of our society.

Many. segments of population are grouped in physically or politically

inaccessible areas where state and federal development programs are

unable to reach or motivate them. By utilizing a satellite as the

distribution mode, the _&_system provides its instructional

material on an equal opportunity basis to any user with the desire to

tune in. Hopefully the basic reception unit, under mass production,

would be available at between $1000 and $1500. This is well within

the price range of even the poorest schools, public or private, and

even local community centers. Utilization of the material via satellite

would be completely voluntary and, as a result, free of many of the

political and financial problems surrounding cable "and broadcasting

distribution methods. The _system can reach widely dispersed

groups such as migrant workers, Mexican-Americans, penal institutions,

rural poor and also, because of its vast channel capacity, provide

these groups with specially programmed material to meet their varied
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cultural and educational needs.

When using the new media to educate culturally deprived groups,

certain unique advantages and disadvantages become apparent. A

review of the literature concerning media and the culturally deprived

will help outline some of the problems involved (Wade and Jablonsky,

i966).

It has been found that media are useful in extending frames of

reference and in providing models and motivation for the disadvantaged.

A study of ETV's effect on 1600 Negro children in a Free Schools

project in Prince Edward County, Virginia, showed that school presentations

of television programming and motion pictures served as important

cultural events for these children because local theaters were segreated

("Action Program For The Disadvantaged, 1965"). A special program called

"Roundabout" for disadvanataged preschoolers in Washington, D. C. reveal_d

that TV characters-nonteachers and non-professionals--can and do

serve as effective models for children to emulate (Mayirki, 1966).

Teachers participating in a New York ___I_ school project found

that the effects of audio-visual instruction on students included

increased attention, greater willingness 60 practice oral communication

skills, and increased student question-and-answer exchanges in the

classroom (Morrison, 1967). In a similar project where maximum

flexibility and supply of media materials was made available, high

teacher turnover dropped, student attendance increased, and disciplinary

problems decreased. In addition, both teacher and student morale

were high (Dubrowsy and Fornear, 1967).

These project studies point out the advantage of using media to

provide disadvantaged students with a useful model to emulate and media's

C18.
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ability to help motivate students toward greater participation in the

educational process• In urban ghetto schools where the dropout rate

is close to fifty percent, the extensive utilization of media could

serve as a powerful force in motivating students to continue their

education.

However, teachers in these projects noted two serious problems:

first, many excellent programs were wasted because teachers were not

and second, many of the Rrograms were irrelevant to the students'

needs, learning styles, and life experiences. In response to these

needs the _ system was designed to prerecord instructional

material in such a way as to make it easy for the teachers to preview

%

material before classroom presentation. During the previewing process,

the teacher ean prepare additional materials and edit the presentations

to meet the specific needs and learning styles of his students• In '

this way, extraneous or irrelevant materials can be deleted before

they reach the classroom.

When multi-media material are made easily available, as with the

E_@OP_ system, students feel a sense of reality and self-determination

in learning to learn. In many cases, this offers the student an

escape from what he re@is is the inertia of the self-contained

• supervised classroom. In total, these studies appear to demonstrate

media's ability to reach disadvantaged students more effectively than

traditional printed material. The media can continue in this role until

the student is prepared and motivated to make the transfer from

audio-visual materials to the symbolic printed form. The _system

may be the means of closing the gap.
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In addition to their value to disadvantaged school children,

audio-visual presentations have been shown to be effective in large-

scale experiments in adult literacy training (Pierson, et al., 1961).

The project, conducted in Northern Alabama, involved six hundred

students over forty years of age and emphasized practical application

of literacy skills such as check writing, street sign reading, and

phone dialing. Comparison testing showed that television used in small

group viewing centers with the help of a proctor (not necessarily a

skilled teacher) was as successful as direct teaching, in the ares of

word knowledge and word discrimination. The results of this project

help point out the value of establishing media centers for supplementary

non-formal adult education programs. There are about ten million

functional illiterates in the United States who could be reached by

[_0P_ programs in local community centers. These facilities could be used

to provide evening courses in small business management, agricultural

projects, secretarial skills, etc., to those people who work during the

day or are beyond normal school age.

Viewing centers in schools or community centers, equipped with

[_QOP_j appear to be the solution to reaching many disadvantaged groups.

A study to assess the possiblity of using ETV to reach Spanish-speaking

families in the Southwest showed that special Spanish-language programs

failed to reach 60% of the study group (Schenkkan and Millard, 1965).

Follow-up studies showed that many Mexican-Am@rican families did not

have properly functioning TV sets; had less leisure time to watch TV;

and in the case of large families, watching preferences were often

in conflict.

In many cases, varying ethnic and cultural groups have different
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The results of a study of black and

white TV preferences hypochisize the following: l)blacks do not

identify with programs which are family centered because these

cohesive social units, as portrayed by TV, are not reflected in their

everyday life; twenty-one programs highly rated by blacks emphasized

conflict; and 3) that physical action is preferred by blacks who do

not have a strong "oral culture" (Carey, 1966_.

This data is important because it helps illustrate that most TV

programming is irrelevant to blacks and poor minorities because it is

out of touch with the reality of city life. It is necessary to develop

programm£ngon sub_ect_r_l_v_nt to the ne_d_ of the poor such as

legal aid information, low cost budgeting plans, child health care,

etc., and tken presenting the information in the proper socio-cultural

context. The problem is one of providing needed information to people
i

who are not normally information seekers and who are not members of

any organized unit such as the school classroom. One possible solution

would be the use of _P5 to distribute _ " +_........ informa_n to block

committees headed by local volunteers, social workers, or even VISTA

members• It may be possible for these block committees to organize

special information courses wher_ _V_P_would provide th, bulk of the

instructional material.

In summary it can be said that the new media, as implimented through

the _0_system, are capable of both reaching an_ motivating many

previously inaccessable minority and disadvantaged groups. However it

is obvious that extensive work is needed in the development of organizational

and administrative procedures to compliment the technical advancements

in information distribution•
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APPENDIX D

Washington University "Gunn Effect" Activity

I. Research Into "Gunn Effect" Devices

Before devices based on the Gunn effect, the direct generation of

microwave power from dc in certain bulk semiconductors, can be used in

low cost, high performance applications, such as satellite direct

broadcast receivers, several aspects of their operation and control must

he understood.

A. Local Oscillators for Receiver

If educational satellite link frequencies are ultimately assigned

in the microwave range some means of receiving the microwave carrier and
J

detecting its information will be required. A very sensitive, low noise

technique for this purpose involves mixing the incoming signal with a

fixed frequency local oscillator (L.O.) so that a constant beat frequency

(intermediate frequency or IF) is produced. The IF can then be amplified

and detected. This process is called superhetrodyne detection.

Basic to the process is the L.O.. Gunn effect L.O.s have been

built in coaxial, waveguide, and microstrip geometries. In the Microwave

Solid-State Laboratory of Washington University we have been working on

waveguide cavity CW oscillators for the past 30 months. We can now predict

the oscillation frequency of a given microwave oscillator from geometric

considerations and knowledge of the Gunn device physical characteristics.

Its stability, frequency tunability and power output are now well understood.

Its noise performance and the role of the external circuit are less well

in hand and require addtional work.

In order to reduce manufacturing costs to accomodate the eventual

mass market for such solid-state satellite receiversjwe now need to study

the operation of low power L.O. design in microstrip geometries. The

waveguide and microstrip oscillators are similar in principle, but numerous

detailed questions remain open. What in the noise performance of microstrip

oscillators? How badly does the noise performance degrade in the

inherently low Q microstrip geometry? Can the design of other receiver
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elements (mixers, filters, etc) be modified to optimize an integrated low

noise receiver compatible with a microstrip oscillator_

One of our program goals is to establish a modest microwave integrated

circuit facility where our own designs can be built and evaluated. A

major portion of the funding required for such a facility is now in hand

and it is expected that only a minor contribution from NASA would be

required for i_s completion.

B. Microstrip Receiver

A detailed literature search in the area of microstrip integrated

rmr#i\imrm will ha l,ndmr+akmn_ W_ wiqh +n hmnin dnvnlnnment of _tandard

microstrip components such as directional couplers, mixers, power splitters,

etc. in order to reproduce the state-of-the-art and to gain insight into

the problems and potentials of these techniques. As we gain experience

a simple receiver will be designed, constructed and evaluated. The

design will be compatible with the demodulation requirements of the Multi-

Channel, Low Frame-Rate Video system described in section C. From such

studies the reality of proposed microwave integrated circuit receivers

can be assessed in technical and economic terms more knowledgeably than

is now possible.

C. Gunn Effect Amplifiers

Because of the enormous down link transmission losses (N120 db) it

may be necessary or desireable to prov _a_ a stage of low noise or_-amDli{ication

at the input of the receiver. The Gunn effect can again be used for this

purpose.

We are currently studying the properties of circuit stabilized,

critically doped) Gunn amplifiers in waveguide. From our previous CW

oscillator studies we have developed a detailed understanding of the effects

of the microwave circuit external to the device itself. This means that we

are able to characterize the semiconductor devices in these circuits and

hence control their performance.

Our goals in this work are to identify the physical properties of

the Gunn devices which will optimize the performance of the amplifier and

to design, construct, and test broad-band, low noise amplifiers. Aga!_ a

study of the instantaneous bandwidth required for an amplifier compatible

with our receiver deisgn, and the possible noise performance over such a
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bandwidth must be made. Extension to microstrip is again necessary to

determine whether a fully integrated receiver can be economically achieved.

II. Wash}ngton University Gunn Effect Publications.

The Microwave Solid-State Laboratory has been active in Gunn Effect

research for the last three years and has developed a national reputation

for its work in the field. Included here is the program of a recent

specialists conference sponsored by The Institute of Electrical and

Electronics Engineers and held at Washington University. In addition

selected recent publications are also included to demonstrate the scope

of our program.
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Gunn Effect Swept Frequency Oscillator

A bstract--An X-band swept frequency oscillator using a Gunn diode and

a ferrite phase shifter is described. Sweep widths of 800 Mltz and sweep

rates up to 400 Hz with less than 3 dB power variation have been obtained.

Electronic frequency tuning of Gunn oscillators has been reported

using a variety of techniques including varying the device bias voltage

[1]-[6] and changing the effective electrical dimensions of the microwave

circuit using varactors [7]-[9] or ferrites [10], [11]. The magnetically

tuned circuits generally require large bias fields to obtain a significant

tuning range.

In this letter we report an electronically swept X-band oscillator [12]

employing a Gunn diode and a ferrite phase shifter as shown, in Fig. 1.

The frequency of a Gunn oscillator operated in a resonant cavity is de-

termined largely by the cavity dimensions. In this device the diode is

mounted on a cylindrical post which acts as one wall of the cavity. The
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Fig. I Cross-sectional xicx_ of swept Gtmn eflbct oscillator,
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PHASE SHIFTER CURRENT IN AMPS

Output power and frequency of oscillation versus magnetizing coil current.

length of the cavity is varied by sweeping the microwave phase shift.

Sweep widths tip to 800 MHz centered at 9.4 GHz have been observed

with sweep rates up to 400 Hz.

The frequency and power output of the sweeper are plotted in Fig. 2

as a function of magnetizing current. The magnetizing field was calibrated

at 120 G/A. The Gunn device was operated CW with Vb=9 volts and

Ib=470 mA. An oscilloscope photograph of a 640 Mllz sweep from 9.74

to 9.10 GHz appears in Fig. 3. The power output and shape of the response

may be adjusted with tuning stubs.

At zero current the electrical length of the cavity, and hence the resonant

frequency, is established by the insertion phase of the ferrite phase shifter.

Let the total insertion phase _b(i, f) be a function of magnetizing current

and frequency, at resonance _p-nn. The phase shift introduced by an

increment of current Ai must be compensated by a frequency shift in

order to maintain the resonance condition, that is,

or

Adp= Oi Ai + _: Af = 0 (1)

f - fo = -- F?/[! _/-'-' (i - io).

P_
Of i=io

(2)
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Fig. 4. Characteristic behavior of Reggia-Sper_cer fcrrite phase shifters.

The characteristics of the lyl_ of phase shifter used in these expcri-

melil.,, 113] ;are shown in Fig. 4, where /3> f2> /']. As indicated by 12), the

resonant frequency decreases with increasing current. The swept band-

width will be limited by the frequency at which 180 of curt'till saturated

phase shift is obtained. At high current levels ?_[_/?i__O, and so the fre-

quency tunii]g sitturates ;is sccn in Fig. 2.

The results presented here arc preliminary and do not represent

optinfized pclforntancc. A low lo high fn'cquea_cy sweep may he ohtaincd

by properly shal-6ng the magnetizing current waveform. The use of a

lalchcd fcriit¢ phase shifter could provide Ittll;iblc single frequentcy ot"_cra-

lion without the ncecssily ofstnl_lqyhlg holding etll'lClll to the n3ilgnctiiing

coils, l.'rctlut:ney n3;lrker.,; eould be oblliincd b). iliil,,ing lh¢ (iuillt diode bias
voliiige.

The ti_o era fi:rrile phase shiflcr in Ihc (itilln oscilhilor eli_.il)' prottuc:c5

_,vide-b;tnd [ullhig wilh low iipplicd lllitgll¢liC fic'lds. This ill'q'woach II1_t3

lind u_,eful syMeill ;ipl_lic,ilions where ;I simple, COlill_',lUl, ilicxpcll_i_e

swt:pl Iltici'ow;i%c _.tllllt;e is nc'quiretl.



{/)

'i
i

I i

i

f ;(_
I

i

i i

I

I

i
I

ua

t;

!_ _ o
r_ _:

0

_ 7

M ]NO _3MO=I ]AIIV'13_I _o _--

J- _-
2 -

u.

_-__

____> .... ua

g
o

:_ ":_ ::_:._,7 r. _ .:_'_: "';. ': : - _'._" _}' ':'_

., _._.. '. -. : -,..__-_'_., - . . •.....:-....._.,.,:::.::_

0

la ,'_

0 v',



-0 I • >_1
fO 4J 4a .0 C}

k,.4 b_ f_ 4a .(:: c"

_'0 UC-_
Qju_ , _ _ Q3 _1

W-4-H 0 _-J 0 0 _-,_

14

o_
,-I 13"

o

<I -_-I

4JE_

._I
.

m
0

_ 0
_ m

o

e_
_._

,1:1-,.4

lm 0-,_

O 044

4_ .,..I m

m



m_

If

-II

i ; 01) II
' I ' I ' I ' .

aHO_[II

|H_OJ'OI

w#

o

,,[

°_ _

ot {

°' f

• q0°Al3 ao_oe_ paz_

• q:_ua T

%:i!A.ea .,TO uoT:l.oun.: T _ se a_,>la,ed aaT^a p

_:l.d_ua tl3.Te_ _auanbaa.T _.u'auo_aa :l-Tna

-aim pue _ouanbaa_ uo!_lliaS 0 - h "_I-_

°<,_',_','/,°i,7,7,7,7,7,°#_-_

• F_uanbaa_I _Io UOT:_oun_I _

se uoI:_eT^e p a_od _uaaa_d pue '_) p_peo I

l_ooadIoaa *_T^I_I sua_ uo.T:_lnpoN - g "_I-_

I 0_ I i i i i i i i
] ' l ' l 1 1 ' l ' ] ' • l .-- . L I l I I I I o I I '_i

- _0t- • o c/i

_< , o<I .--o<L/ , 4 e;
i_ o<

_. -<>_ o,t- '_7 \. 1 >.-7_
o, -]

p,
N

D o

I
I

U

!
,-I
--4

O

=E
0C

n_"C

UIII_

oon

g4 _

g4 _

ul<,_

O •
0

• o

_1 .,..t •
4J,_

O_J
u.-iU

.,-I

00J
,-it",

• | •

N_ °

• HM 0
,"4 4J

"'_ = O

• O_0

.,-41

rio

_-_.

I..I ,-i
O_
4J r"_

e.-I •
,-4_

U

0,,_

i:I
• el •

,"4

_-,-t

-'_ _g_

0

u3

_..
D

• _

I I t I I 1 I

,d

'% ,,?>_
e_

o \ o .__o,' u_

_'N o o

o _.

I I I I I I I

i I O,_illiW U! Jo_o d indln 0

I

o

- c

o •

I
o o

£
_-'O
O._

=,-_
0,.4
•H .H
.I-_O

=O

,-I

_nC

O_

!
.I-_X

,_O

O

>,
t

:3
o_

_0_U
..'4

,.o



:z

o

0

ID

°M

&,

................ ---. .........

g

g,

o

lag

°_

g,

0

mf_

O_

:, o _o'_
,._ _-I°M 0 _

_.. ¢1 0 ::::1_
•s'. X I._ ._
o _ _

_00

M co Cu (..) U

0 _r, _:: _-_ C.)
_., | r' I



MICROWAVE C[RCI}IT DESIGN FOR WIb!{-_A:H) TUNAIU_E G[]Hr4 EFFI{CT OECII,LATORS ---

Fred J. Rosenbaum

Electrical Engineering Department

Washington University

St. Louis, :,[issouri

INTRODUCTION

In the brief period since J. B. Gunn first

reported coherent current oscillations in long

samples of GaAs I, microwave oscillators based on

the Gunn effect have moved from laboratory experi-

ments into commercial application. Two terminal

packaged devices, called Gunn.diodes, are being

offered by several manufacturers. Complete oscil-

lators in waveguide, coaxial, or microstrip cir-

cuits also can be obtained. The operating fre-

ouencv, outDut power, efficiency, noise perfor-

mance and temperature sEaollluy uL L,_o_ _ .....

tars are largely determined by the microwave cir-

cuit presented to the GaAs chip terminals. It is

the purpose of this paper to discuss the effects

of the microwave circuit on CW Gunn oscillator

performance and to describe the design of circuits

capable of being tuned either mechanically or

electrically over a wide frequency range.

Coherent microwave current oscillations are

generated in GaAs when a dc bias voltage which

exceeds the required threshold voltage _T[0.32L V)

is applied to a sample of length L (measured in mi -

crons), provided that the product of doping densl-

ty and length is in the appropriate range 2, e.g.,

N0L > 5 x i0 II cm -2. Once the device is oscilla-

ting it can be represented by an equivalentcir-

cuit consisting of a non-linear negative resist-

ance -R d in parallel with a voltage-dependent

capacitor 3 C d as shown in Fig. I. Capacitive sus-

ceptance appears in the external circuit because

the space charge density in the device active

layer, and hence the device current, cannot re-

spond instantaneously to changes in the terminal

voltaqe.

For reproducibility, reliability, and han-

dling ease the GaAs chip is usually mounted in a

hermatically sealed varactor type package_ One

such package is shown in cross-section in Fig. 2,

along with its equivalent circuit. The shunt

capacitor accounts for the dielectric loading

caused by the ceramic and L 1 is the bonding lead

inductance. The element values, measured at X-

band, are CI:0.2 pf. and LI[0.4 nh. for this

paekage.

The Gunn diode will oscillate at a frequency

where the circuit impedance at the device termi-

nals is the negative of the device impedance. The

device negative resistance matches itself to the

positive load resistance of the microwave circuit

while the device reactance is tuned out by the

circuit reactance, thus establishing the oscilla-

tion frequency. If the circuit requires a larger

negative resistance than the device can supply,

there will be no'real power delivered to the load.

The diode may oscillate in any one of a number of

modes '| depending specifically on the dc bias

voltage, the device parameters NoL, the frequency

f, and microwave circuit impedance.

Frequency tuning of an oscillating device can

be accomplished by changing either the device

impedance or the circuit impedance. The device

impedance can be varied by changing the dc bias
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voltage. This method can be used to obtain small

frequency changes such as those needed for FM or

AFC5-8. However, large voltage changes are accom-

panied by variation in the device operating temper-

ature (power dissipated), amplitude modulation, and

in some instances operation of the device in an

entirely different mode at a different frequency

and power level. For these reasons wideband tuning

is normally accomplished by tuning the circuit

impedance.

MECHANICAL TUNING

Circuit tuning is most easily accompllsneo Dy

mechanically changing some physical dimension of

the circuit9, I0. Fig. 3 shows a cross-section of

an X-band waveguide Gunn oscillator. The Gunn

diode is mounted on a cylindrical metal post cen-

tered in the broad wall of the waveguide. An iris

may be used for impedance matching to the waveguide

load. The frequency of the oscillator is control-

led by the position of the sliding short circuit.

A loss-less microwave equivalent circuit for the

oscillator II is shown in Fig. 4. The GaAs chip is

decoupled from the waveguide load Z L by a T-section

low pass filter comprising the lead inductance LI,

the post inductance Lp and the parallel capacitance

of the post gap and the device package. The wave-

guide load and the impedance of the sliding short

circuit, transformed to the plane of the device,

are.each in series with the series capacitors, Cp,

of the equivalent circuit of the post in a wave-

guide 12. These impedances are in parallel with the

T section filter.

The equivalent circuit parmeters have been

measured with a resonance technique 13 by using

dum_y device packages, one open circuited, the

other short circ_lited and by assumming a value for

the lead inductance LI=0.4 nh. The results for

several different post diameters are given in Table

I.

_f losses in the waveguide circuit are neg-

lected the only resistance in the circuit is the

real part of Z L. When the effective capacitance of

the oscillating chip is included at the device

terminals the resonant frequencies of the resulting

network can be calculated. _vo frequencies are

found which satisfy the oscillation condition

_C d + BL(_) = 0 (I)

where B L is the load susceptance at the device

terminals. Only one frequency is a stable solution

as may be determined by the slopes at the inter-

section of the BL(m )' and -_C d curves plotted as a

function of _13.

Solutions to Equation (i) for the oscillation

frequency as a function of-sliding short position

are shown in Fig. 5 and compared with experimental

results. Here the device capacitance C d was

assumed to be constant over the tuning range and

to have a value of approximately 3C0, where C0=eA/L

is the low fiehl device capacitance. The quantity

A is the cross-sectional area of the chip and £ is

the dielectric constant of GaAs. Notice the good



agreement between theory and experiment over the

X-band.

While this mechanically tunable circuit is

quite useful for evaluating the performance of Gunn

diodes and in deducing the device characteristics

it is not a practical oscillator circuit for two

reasons. First, the loaded quality factor QL

varies strongly with frequency as shown in Fig. 6.

This is caused bY the frequency variation of the

real part of the load impedance, as viewed at the

device terminals. It varies because the post acts

as a transformer whose turns ratio increases with

frequency. Thus the oscillator circuit is more

heavily loaded at the higher frequencies. This is

undesirable since in a low QL circuit the oscilla-

tor noise increases, frequency stability decreases,

and frequency pulling due to load variation

increases.

The second drawback of this circuit is that

.i ..... _ _.-. _d_ are allowed in the band of

interest since the cavity is long, as seen In _ig.

5. This leads to multifrequency output when the

oscillator is pulsed, and to mode jumping in CW

operation. When the slope of the device suscep-

tance as a function of frequency exceeds the slope

of the circuit susceptance the circuit can no

longer control the device oscillation frequency

and the oscillation frequency jumps to a stable

point in another available high QL mode.

In practical CW oscillators the variation in

QL is kept small by loosely coupling the diode to a

high Q circuit. In this way load variations, etc.,

tend to be isolated from the device. High perform-

ance tunable oscillators .have been developed at

X-14,15 and K -16 band using dielectric tuning in a

fixed dimension high Q cavity.

The equivalent cir_it of Fig. 4 can be used

for calculation of a shunt mounted Gunn device in

coaxial or rectangular waveguide-, or microstrip-

cavities provided that proper estimates of Lp and

C = C 1 + Cg are made. For example in reduced

height waveguide or microstrip, Lp--b- 0, Cp--_- _,

C = C 1 .

The equivalent circuit for series mounted

devices, using the same definitions is shown in

Fig. 7. The gap capacitance C is now the value

associated with, for example, _he series gap in

the inner conductor of a coaxial cavity oscilla-

tor 17. Notice that for the series mounted device,

the load and tuning impedances are in series rather

than in parallel as for the shunt mounted oscilla-

tor. The oscillation frequency is again given by

solution to Equation I. Wide band mechanical

tuning has been obtained in coaxial circuits 9,18,19

by many workers.

ELECTRONIC TUNING

Since the oscillation frequency is controlled

by the reactance of the microwave circuit, it is

possible to locate electrically variable elements

such as varactors or YIG or ferrite elements in the

microwave circuit and vary or sweep the frequency

of the oscillator.

Varactors have been successfully applied in

microstrip circuits to obtain frequency variations

of up to 10% at X-band 20 and 34% at S-band 21 with

reasonably flat power output. The design of

varactor tuned microstrip oscillators using simple

equivalent circuits22 for both varactor and oscil-

lator has proven to be a useful approach. However,

the varactor loss must be included in the design
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since this loss, transformed to the plane of the

device has a significant effect on both the tuning

range and power output of the oscillator 23.

Large tuning bandwidths (40% or greater) have not

yet been obtained with varactors as a consequence

of their limited capacitance variation with app]ied

voltage. Fig. 8 shows an experimental varactor

tuned X-band microstrip circuit.

Octave bandwidths and greater have been ob-

tained by properly coupling a Gunn diode to a

spherical YIG resonator 24-28. The YIG sphere pro-

vides the frequency tunable resonant element which

is coupled to the GaAs chip through the package

parameters and a length of transmission line.

Again the output load impedance will have a marked

effect on the output power and frequency unless

the chip is loosely coupled to the high Q YIG

sphere. A commerical X-band swept oscillator is

shown in Fig. 9 with power versus frequency shown

i_ Fig. i0.

ties29, 30 and variable phase shift elements 31 have

also been demonstrated. While these tuning m_thods,

in principle, are not capable of the wide band-

widths of the YIG tuned oscillator, they are much

less critical to implement and are likely to be

less expensive.

CONCLUSIONS

Since the Gunn device can be considered to be

a negative resistance element its oscillation fre-

quency is determined by the impedance of the cir L

euit it is driving. By varying the impedance of

the external circuit the oscillation frequency can

be adjusted over a wide range, limited by the mag-

nitude of the negative resistance that the oscilla-

tor can supply and the conditions for stable oscil-

lation imposed by the circuit. This tuning range

can be very large as evidenced by the results of

Hanson 26 who obtained tuning from 4-12 GHz using

a YIG sphere.

The power output of the Gunn oscillator

depends both on the load conductance at the GaAs

chip terminals and on the microwave voltage devel-

oped across that load, P = GLV2/2. Since the

device dynamics are non-linear and frequency

dependent, in order to obtain a flat power response

it is necessary to maintain both the load conduct-

ance and susceptance reasonably constant over the

desired band. This is accompllshed in YIG tuned

devices by loosely coupling the device to the high

Q YIG resonator.

The use of high Q circuits is also desirable

from the standpoint of noise, frequency stability,

and isolation from load variations. However, the

use of high Q circuits makes frequency modulation,

pulsed operation, and injection phase-locking of

these osc_llators difficult. Furthermore, because

the oscillators are qircuit sensitive, frequency

pulling over a r%nge of operating temperatures

becomes a serious problem.

The rapid improvement in Gunn oscillator

performance and the extensive development efforts

now going on indicate that one can look forward

to widespread application of these oscillators.
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Table I Equivalent Circuit Parameters

Post C=Cg+C 1 Lp Cp
diameter

(inches) (pf.) (nh.) (pf.)

0.i00 0.35 0.47 0.73

0.125 0.37 0.43 0.52

0.150 0.40 0.40 0.40

0.200 0.49 0.33 0.26

0.250 0.59 0.28 0.17
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November 3, 1969

TO: Dr. Robert P. Morgan

FROM: Julian Scheiner

WASHINGTON UNIVERSITY

SAINT L, OUIS, 1MISSOUI{I (i:ll:_()

SUBJECT: Satellite Education Program - Legal Research

I

I. Introduction:

This memorandum contains a summary of the work that I have accomplished

since I began participation on this progra_u on October 6, 1969. It also

contains suggestions for futur_ activity in the area of legal research. I,_

primary effort has been to survey the legal and legally related literature so

as to determine which issues have occupied the legal scholars and experts

within the general subject of education by communication satellite.

I have examined in excess of one hundred documents including journals,

books, conference reports, and government documents. I had hoped that such

a review would yield a general outline of the relevant law involved in

education via con_unication satellite. Although my review was, of necessity,
very superficial, it is my preliminary opinion that the state of the

"legal art" on the subject is not sufficiently advanced to enable us to even

think of it in terms of a body of law that could be summarized.

Instead, I would characterize the work that has been done in the field

primarily as the raising of legal and policy issues that potentially could

apply to real life situations (i.e. situations which give rise to legal

conflicts between persons or states). Since the real life situations have

not arisen except to a very limited extent, the rules of law necessary to

deal with them are still in the early stages of formation.

II. Issues and Topics

In this section, I have attempted to list some of the more representative of

these issues and topics. The treatment given them by legal writers varies

widely. Some are dealt with on a highly theoretical and tentative level while

a few, primarily in the area of United States domestic law, are dealt with in

a detailed practical fashion.

I. Copyright law

- A. _Application to Educational Television (ETV); proposals for modifications

to allow partial exemption of ETV activities.

B. Infringement of copyright by satellite relay; effect of hardware

implementation on basis of infringement.
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2. Tort liability for damace to property and personal inSury resultin_

from space activities.

A. Domestic - Federal Tort Claims Act

B. International-United Nations General Assembly Resolution 1962

(XVIII); who bears responsibility?

3. Trusteeships (e.g. Micronesia)

A. Political organization

B. Self-rule

C. Fiduciary neposnsibility of Trustee

h. Liability for program content

A. Propaganda (warmongering)

B. Right of privacy

C. Libel

D. Freedom of expression as a right in international and domestic law

5. Sources of International Public law

A. United Nations Charter (Soverign equality of states)

B. United Nations General Assembly resolutions

C. International treaties and conventions

i. International Telecommunications Union (ITU) Convention & Regulations

2. INTELSAT

3. 1967 Treaty on Exploration of Space

h. International Bureaux for the Protection of Intellectual

Property (BIRPI)

6. State Soverei_nt 7

A. Innocent passage concept borrowed from law of sea

B. 1967 Treaty on Exploration of Space: the no-sovereignty provision

7. Exclusivity of ETV Drogrammin_ materials by _rivate contract on the

part of NET in light of:

A. FCC rules

B. Public Broadcasting law

C. Public support by

l) tax funds

2) tax-exempt contributions

D. All Channel Receiver Law
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t ExcILl_mivity of s_ectr1_m allocation

A. FCC licensing practice

i. Terrestrial (CATV)

2. Electromagnetic

B. COMSAT

C. Relationship and division of authority between FCC, COMSAT,

INTELSAT and NASA

D. Regulation, monopoly, and antitrust

E. Creating property rights in the electromagnetic spectrum

_e

A. State jurisdiction over private broadcasters located in international

waters

B. Legitimacy of state jamming

i0. Soviet law

ii. Nationality of Spacecraft

• A. State registration-privileges and immunities by analogy to maritime law

B. Licensing of private entrepreneurs

III. Comments

From an analysis of the listing given above, I believe that it would not

be a practical goal to attempt to provide a survey of the relevant law on the

subject because

i. The number and scope of potential issues and topics is too great,

and the relationship between one and another is too remote to allow

for complete coverage.

2. The rules of law are not sufficiently developed to allow for reasonably

definitive conclusions.

There are two other alternative approaches:

io Starting with a reasonably concrete proposal including the country

or region to be investigated, the national and international

agencies, the type of Vehicle and transmission, and the program

content involved, it would be possible to begin the task of

defining the problems that probably would arise and to suggest
@

alternative solutions.

o The list of issues and topics above could be assigned priorities

and each could be accordingly researched in some degree of depth.

In this connection, it should be noted that the list of topics

and issues given is not exhaustive. There are a number of documents

that I am aware of but have not yet examined. I am confident that

the list could and should be expanded.
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I would be happy to entertain other novel approaches to the problem
and I solicit your opinions on the subject.

In addition to the approaches discussed immediately above, there
is one effort that I strongly feel would be useful to the program - the
preparation of an annotated bibliograThy of legal materials. This would
yield two benefits:

i. It would allow non-legal participants in the program to gain
someinsi'_ght into the legal aspects involved and

2. It would allow future legal researchers on the program to
avoid the chore of wading through irrelevant, repetitive, and
_-:± _^_ _+_ _l _ _nf wbich there are many_).
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Some Comments on Multidisciplinary

Studies and the University

by R. P. Morgan

A recent paper by H. B. Quinn*has highlighted the opportunities

and pitfalls associated with multidisciplinary university research.

Because the current Washington U.-NASA program on Application of

Satellite Communication to Educational Development is such a program,

' -' ..... $ : ....... +,,_ #_# ,,niw_rmitv

venture, I would like to take this opportunity to comment on some of

the advantages and difficulties encountered at a relatively early

stage of program development.

First, it is important to define what the general program objectives

are. We are trying to carry out a program which cuts across a broad range

of academic or departmental lines to involve a large number of disciplines.

We are not talking about a coupling of two areas, like engineering and

medicine (bioengineering) or a program which supports materials research

by funding individuals in physics, chemistry and mechanical engineering to

"do their own thing". Furthermore, the many disciplines are not brought

into the program on their own terms but more so in terms of what they can

contribute to the overall program effort. The latter, therefore, has a

unifying theme, which in this case is the application and impact of a

specific technological innovation, i.e. a synchronous communications

satellite_on the improvement of education.

What then, are the ingredients which go into a successful program?

Even more fundamental than that, how does one define a successful program?

I want to try to answer these questions in the context of the specific

program which I am coordinating.

One element surely has to be the participation of a significant number

of faculty members and students from a variety of traditional fields. To

achieve this participation requires that a small group of individuals be

genufnely interested in the program area, no matter how imprecisely defined,

at the outset. These individuals (a critical mass might be two or three or

four) have to be willing to dothe necessary spadework and planning and

_Ouinn, H. B., '_Multidisciplinary s ludies and the Universities".



and makecertain commitments. The involvement of others can comeabout by
a variety of means. In our specific case, instances arose in which students

were attracted to the program prior tothe involvement of faculty members
from their departments.

The presence on campusof one individual with no real departmental
ties but with academic qualifications and a commitment to certain kinds of

multidisciplinary program endeavors is a key factor in program development.

Such an individual can get students and faculty membersthinking about new

ideas, new problem areas, and even newfunding sources. Oftimes the
J

_m_=l _n+_+ mnmmm +hrnlJnh nnrticination in an interdisciplinary course,

like the IDTS (International Development Technology) sequence which exists

at Washington University.

Perhaps the most significant criterion for evaluating a program of

the type under consideration is the kind of experience which the student

participant receives. This might range from a one term exposure in a

three-credit course or a summer's research experience to a PhD thesis.

Consider the latter for a moment. A conventional PhD experience in, say,

electrical engineering consists of a sequence of course work, usually all

technical, plus a highly specialized technical investigation. It seems

to me that the experience of a PhD candidate involved in a multidisciplinary

research project might differ from this in at least two ways.

I. His experience might be similar to the conventional experience

but somewhat broader. As a minimum, he should be required to

participate in an interdisciplinary seminar course with people

of other disciplines which focuses on the overall program area.

He might be encouraged to take one or two other courses which

broaden his experience instead of all technical courses. Finally,

his thesis, while predominantly that of a technical electrical

engineer, might reflect an awareness not only of the conventional

historical background of his specific technical work, but the

larger context of what his work means as far as society as a

whole is concerned.

, In this case, the subject matter for the thesis is relevant to

overall systems or program considerations and fits less neatly

into departments or schools. For example, innovative thinking

F2
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which leads to new concepts for satellite utilization and

examines its impact on the U. S. educational system might be

difficult to justify in many universities. This kind of "glue"

is needed to hold the more disciplinarian aspects of the program

together,

We expect both of these kinds of situations to arise in this program.

They already have. The first will be easier to deal with than the

second. Both should have a place in our thinking at this stage of development

of multidisciplinary research programs.

Another key element ot ThIS program ,_ _,,o, w_ o,_ ;_;,;._ _;

field of technology which can have broad social impact. There have

been two tendencies in our society which a program of this type can

help correct. On one hand, technological development is taking place

at a fantastic rate, with much less thought going into what the real

implications of such development are than to how to sell or push such

development. On the other extreme, are those who choose to "turn off"

technology altogetheK One function of this program will be to bring

technologists and non-technologists together to carefully examine the social

impact of a specific technological innovation and provide a framework

for dialogue between opposing points of view.

However, I want to make it clear that I see this as more than a program

which examines the impact of technology on society. My view is more

action-oriented than evaluation-oriented. It starts from the premise that

there are needs, serious ones, in terms of educating people the world

over. Technology in general, and communications satellites in particular

have a role to play in meeting those needs. To determine what that role

is will require top-flight minds. We need more than broad, once over

lightly_systems engineering studies on one hand, and highly technical,

disconnected_unretated studies on the other.

Whereas we are not over the hump yet, I think we are well on our way
I

to doing some new kinds of things within a university framework.



INTERNAIIONAI.DFVELOPM[NT
T[CtlNOIOGYPROGRAM

Box 1140

APPENDIX G" ""

WASHINGTON UNIVERSITY
SAINT LOUIS, NII_S()[;II1 f;:_J:_O

India Trip Report_ R. P. Morqan, Nov. I0-26_ 1969

During the period from November 10 to 26, 1969, I had the opportunity

to travel to India. I made the trip in my capacity as Director of Washington

University's International Development Technology Center. Among the

purposes of the trip were:

I. To attend the World Conference of the Society for International

Development, (S.I.D.) held in New Delhi, Nov. 14-17, 1969. I

traveled from the United States to India and returned via the

S.I.D. CharTer flighT WhiCh nau b_ll dlldll_Ud (uI ;; ...... [ ...... _.

2. To experience India for the first time and to explore the possibilities

for cooperative programs between Washington University's

International Development Technology Center and Indian institutions,
primarily in two areas of interest; a) Application of Satellite

Communications to Educational Development, and b) Development of

Indigenous Materials for Low-Cost Housing and other applications.

Programs in both of these areas have been initiated at Washington

University (see enclosed article). This latter 0art of my trip,

from the period of November 18-25, 1969, was supported by an

Invitational Travel Grant from the National Science Foundation's

Cooperative Science Program in India, funds for which are provided

by the Agency for International Development (USAID).

There were a number of events at the S.I.D. meeting which were relevant

to the satellite applications program, including a panel discussion entitled

"Is a Breakthrough Possible Through Intensive Use of TVI?" which featured

such panelists as Lyle Nelson, (Stanford), B. Prasada (I.I.T. Kanpur) and

John Willings (UNESCO). Dr. Vikram Sar_bhai, Chairman of the Indian Atomic

Energy Commission was a featured banquet speaker on the subject, "Television

for Development", in which he described the DAE-NASA Satellite ITV Experiment.

While in New Delhi, I had the opportunity to have a private luncheon

with Dr. Sarabhai. In addition I was a guest at a luncheon sponsored by the

Department of Atomic Energy which was attended by Lyle Nelson (Stanford),

Daniel Lerner (M.I.T.), Harold Howe (Ford Foundation) and representatives

of various Indian organizations who have been meeting on a monthly basis to

work out the details of the Satellite experiment. Included were representatives

of the Indian Space Research Organization, All-lndia Radio, the New Delhi

Television Center, Ministry of Education, etc. In addition, I spent the

better part of one day with Mr. Chaman Lal of the Indian Space Research

Organization, visited an Indian village where a television program was in

progress t and had discussions with Harold Howe and Peter Geithner of the

Ford Foundation, Hax Hellman and Edward Mikol of the National Science

Foundation, G. S. Hammond and Irwin Slesnick of LISAID Education Division,

David Rogers of the Peace Corps, Ward Morehouse (S.U.N.Y.), Morris Asimov

(U.C.L.A.), B. S. Rao and V. K. Chitnis of the Indian Space Research

Organization, and B. Prasada (l.l.T.Kanpur).
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I spent 36 i_ours in Ahmedabad visiting with Dr. V. K. Chitnis of the

Physical Research Laboratory. Dr. Chitnis has a leading role in the

Satellite ITV experiment. I had the opportunity to tour the Experimental

Satellite Earth Station in Ahmedabad, and Io visit both the Community
Science Centre and the National Design Institute.

I then traveled to Kanpur where I spent two days at the Indian Institute

of Technology. I held lengthy discussions with Dr. B. Prasada, Chairman

of the Department of.Electrical Engineering and in charge of a student

operated closed circuit Television Centre, and with Gilbert Oakley, who is

in charge of the Indo-American Program at I.I.T. Kanpur. Meetings were also
held with Dr. E. C. SuBbarao , Dean of Faculties and Dr. J. K. Sridhar

the fields of'applied materials research and development.

A final in-country trip was taken to Roorkee where discussions were

held with G. S. Ramaswamy, Director of the Structural Engineering Research

Centre and S.M.K. Chetty of the Central Building Research Institute.

Although two weeks is hardly sufficient time for arriving at any

conclusions or recommendations, a few general remarks may be in order.

I • The DAE-NASA Satellite ITV Experiment.

This experiment would appear to be a significant undertaking which

is relevant to the developmental needs of India. In the brief time

I was in India, I had the opportunity to have discussions with

many of the key people associated with the Satellite ITV program.

From the point of view of Washington University's International

Development Technology Center, we are interested in exploring

further the possibilities for cooperative research and development

efforts initially in the areas of ground-based hardware (low-cost

receiver/front end/power source) and, at an intermediate stage,

in the software aspects. We believe that interaction between the

Indian program and our own university activity in the satellite

application area will be mutually beneficial.

2. Indian Institutions.

I was most favorably impressed by those institutions which I visited.

The Indian Institute of Technology at Kanpur is a vibrant

institution with quality faculty and quality students. I hope

that they will have the opportunity to participate in the Satellite

ITV experiment, both in the hardware and software aspects. In

particular, the fact that Kanpur is one mf the chosen pilot areas

for direct broadcast reception, coupled with the campus Television

Centre and the nearby "Literacy Village" in Lucknow, appears to be

a particularly good combination. A s_udent project, "Project ACME",

which focuses on overall systems and on hardware aspects of

satellite-education, has already been carried out at liT Kanpur.
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The Structural Engineering Research Centre (SCRC) and the Central

Building Research Institute (CBRI) appear to be well-developed, applied

institutions which are responding well to the developmental needs of lhe

country. The CF_RI is doing work on fiber reinforcement using natural

fibers which is related Io our own efforts at Washington University.

Although the needs of tile country remain great, it was my privilege to
talk to many excelle.nt scientists and engineers at first-rate institutions.

It seems to me that more emphasis should be put in the future on cooperative
university programs which provide good communications between Indian and

U. S. Institutions pursuing programs of mutual interest. Such programs could

are relevant to their country and, furthermore, with contacts i)ack home

which could eventually result in meaningful employment in India. Such

programs could result in a transfer of appropriate technology without heavy
U. S. involvement overseas.

In conclusion, I wish to thank the National Science Foundation and U. S.

AID for the Invitational Travel support which I received. Members of the

Foundation staff in New Delhi were most helpful in arranging for the necessary

visits and paperwork. In fact, almost without exception, all of the people

whom I dealt with, be they Indian or American, were most helpful and cordial.

My brief visit was optimal from the point of view of seeing many of the

people I wanted to see in a relatively short time.

It is my hope that as a result of my visit, opportunities will arise

for cooperative efforts between our International Development Technology

Center and interested parties in India which will be of mutual benefit
to both our countries.
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The International Development Technology Center at
waslllngton university was lnltlal_e(l d1113, 1, ides. IL8

main focus is the application of science and technology
to the solution of prob]ems faced by people in the
less-developed areas of the world. Teaching, research,
and service activities emphasize creative efforts to help
less afttucnt nations utilize science and technology for
the benefit of their people.

The orientation of the center represents a departure
from previous United States university involvement in
world affairs. Emphasis is placed not only upon the
generation of new and useful technological processes,
devices, and knowledge but also upon the coupling of
technology to local socioeconomic environments so as
to have a substantive impact for constructive interna-
tional development. Key operationM objectives of the
center are that it be truly interdisciplinary, involving
many diverse segments of the Washington University
.community, and that it have close cooperative ties with
counterpart institutions in developing countries. The
relatively small size of Washington University and its
broad spectrum of disciplines are well suited for the

interdisciplinary activity required to achieve the pri-
mary goal of the center--to contribute to a better way
of life for people in less-developed areas through the
enlightened use of science and technology.

Program Objectives
Three elements relating to the program of the

center are of particular relevance to the goals and
objectives of Washington University.

1. The center brings to the university a new set of
challenging problems which, in many instances, can
only be solved by efforts which are at the frontiers of
scholarship in a broad spectrum of professional disci-
plines.

2. The center represents an effort to bridge the gap
between the "two cultures" by fostering interaction
among faculty members and students with a wide
variety of academic backgrounds.

.3. The center, with its enlphasis on attempting to
narrow the widening gap in living standards between
the rich and the poor, directs itself to real and relc-

Mr. Morgan, is director of the l)ttcrnaLio'nal l)cvclr_p-
mcnt 7'eeh)mlogy Cc_dcr at lVa,_lKngLon Uvivcrsitlt,
St. Louis, Mi::scmri. This article is adapted from a

"paper ?n'cxc_dcd at the ASHN A77_mal Mccli_Lq and
Confcrcncc:, at The l'cm_sylva_E(_ Statc Ur_iccr,_ity in
June 1969.

vant problems of concern to many faculty members
allU b bUUt21l bb.

On July 1, 1968, a director was appointed, and a
commitment was made to support a program from
in-house university funds for a minimum of two
years. The director of the center currently reports to
the dean of the School of Engineering and Applied
Science.

Research and Development Activity

An important goal of the center is the establishment
of cooperative research and development programs
with counterpart institutions in developing countries.
The orientation of these programs revolves around
needs rather than conventional physical or academic
disciplines. The approach is to list problem areas of
prime importance such as food, shelter, and education
and then try to identify resources at Washington
University which can contribute to their solution. Two
fields of activity are now underway.

1. ConzposiLc Matcriats, Housing, and Ecor, omic
Development. A major component of the research
activity in the School of Engineering and Applied
Science is the Materials Research Laboratory and the

graduate program in ,'ffaterials Science and Engineer-
ins. The laboratory has pioneered in the field of
high-performance composite materials with high
strength-to-weight ratios for aerospace and other com-
mercial product applications. Nuch of the research
and technology associated with this effort has poten-
tial for application to relatively inexpensive materia]s
which might be of importance in international develop-
ment. For example, reinforcement of soil-cements or
concretes with indigenous organic fibers might pro-
duce structural elements to help meet the need for
low-cost housin,: in developing areas. 0{her products
might be created which could serve to strengthen the
economic l/ase of less-developed sectors.

Discussions between Wa.ahing, ton University faculty
members in materials science and engineering, civil
engineering, arehitechn.'e, business, eeonomic.q and s{-,-
eiology led to the prcpar:flion of a preliminary prow, s-
al for a cooperative inlernation::l pr{,,'rPam on the
development "rod utilization of in{ligeuous materials
for low-co._;t hou;;hm, in dcvelolfing counlrie_. In thi__
co]mecti(m a trip wa._ un(h'rtaken to f(,ur countri(,s in
Imtin Anwrica in April 1969 by the dlrcetor._; of lhe
Material._ Ih,:_{,,irch l,:d,(}r:flm'y and the lnt{wnalioP,:C
Development Tech}mlo_ry (tenter to exph)re the p{,s_i-
bilili(:s for eOr}l>{'r:Llive res{':lrch an<t (h'v{,l_>lmWnt l,].o-
granl.'t with suil:tb]e eounl_,rl)a).l, in:;lituti(}n:;. So.'n.:
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preliminaryexperinwntsare bcin,_t carried out at
Washington Univnr._ity, while links betwct.n institu-
tions are being establi,_d,ed.

2. S_ttellile Communications a_td Mass EducaUon.

The International Development T(.chn(,lot,_y Center has
initiated research on lhe use of communicati()n satel-
lites for mass education in devcloping countries. Three
research assistants were active on the project during
summer 1968: an electrical engincerintr graduale stu-
dent from Africa and two men returned fronl lhe 1)eace

Corps, one an economics student and the other a Latin
American studies major. Advising lhe students Were
interested professors from physics, electrical engineer-
ing, economies, and education. This interdisciplinary
research effort is l)einf: greatly expanded as a result
of a recent grant from NASA. I:oth domestic and in-
ternational applications of satellite communications
to educational development arc being investigated.
Emphasis is on ground_based hardware, utilizing new
developments in solid-state microwave devices, educa-

"tional software, and legal, economic, social, and noliti-
cal Iactors.

A pattern begins to emerge from these projects.
First, the International Development Technolog3, Cen-
ter catalyzes interest and resources at Washington
University around problem areas of importance in
International development, e.g., housing and education.
The projects which are most compatible with the inter-
ests of faculty membdrs in engineerin:_ and applied
science arc those in which the latest.scientific and
technological research is redirected or adapted towards
meeting needs in developing countries. Around this
technological nucleus is an interdisciplinary matrix of
faculty members and students capable of looking aL all
aspects of the problem areas under study. Finally, a
close _ink with an institution in the area of l_otential
application is required to insure that the effort will
have impact, be truly relewmt to needs, and result in
both a transfer of technology and a strengthening of
human resources.

The Educational Base

Two new studies programs are being offered in the
School of Engineering and Applied Science: an Inter-
national Development Studies prot_ram for undergrad-
uates and an International Development Technology
Studies program for master's level candidates. In both
cases, no new degrees are offered. Instead, activity
related to international development is injected into
existing degree offerings.

1. International Development Studies (UndcrgradTt-
ate). At the undergraduate level, the !nternatimml
Development Studies program consists" of relevant
courses from outside tile School of Engineering and
Applied Science, as welt as interdisciplinary seminars
developed with the active participation of engineering
faculty members.. These courses may be applied
towards satisfying the common studies requirements
of the School for Ilumanities and Social Scicncc elec-

tives. Studenis who complete an approved sequer, ee of
courses totaling at least 12 units will receive a certifi-
cate stating that they have completed the inlernation-
al developn_ent studies program of the School of
Engineering and Applied Sciem'e at \Vashinffton Uni-
versity. One of the two interdisciplinary seminars
must be included. Other course._ may be (.h()_en from
the folh,win_:, some of which have prerequisites in
eeo;_onfics or sociology:

The Third Wm'ht--Mytt_ uml Re:dity
U. S. Foreil.:n 1'olio 5, Toward lh'w.hTing Nath)a._

H2
Far Eastc_/n Polilics
International 1)olifics
Latin American Politics - .-,.
African ]'olitics " =
Economic l )(welol)me)d
Economic Trends in the Far East
Internatinnal l,;emmmics
Economic l)evelopment of I,atin America
Economic Devel,)pm(,nt of the Far East
Peol)lc and Cultures of the Worhl
Mexico: I'col)]e and Institutions
Brazil: People and Institutions
Contemporary India: Social Change and Development
Social ])evclol)ment in Latin America
Transfer of Technology to l)evelof)ing Countries

2. lntcr_mtionM Development T(,ch_oh)gy Studies
(Grad_ate). At the graduate level, opportunities for
coordinated study in international development tech-
nology arc available to students who are M. S. candi-
dates in the degree-granting departments and pro-
grams of the School of Engineering and Applied

offered, several-departments permit up to 12 credit
hours in international development technology studies
to be applied towards the requirements for the _I.S.

Studies in international development technology are
particularly recommended for United States students
with a strong interest in world affairs and for foreign
students interested in the role of technology in the
development of their own countries. The transcripts of
students successfully completing the requirements in
international development technology will be appropri-
ately designated.

Requirements
The International Development Technology Studies

program requires a thesis, project, or fieldwork
experience equivalent to six hours of graduate credit
and related .to the application of technology to prob-
lems in international development. The thesis, project,
or fieldwork experience must be approved by the
director of the center. Projects may be undertaken
either here or at cooperating institutions. Under cer-
tain conditions, relevant Peace Corps experience may
be used to satisfy this requirement. It qlso requires 12
credit hours chosen from the International Develop-
men_ Techno]ogy Seminar, Special Topics in Interna-
tional Development Technology, Transfer of Technolo-
gy to Developing Countries, independent work (inter-
national dcvclopment technology), and one course rel-
evant to international development offered outside the
School of Engineering and Applied Science, if ap-
proved by the director of the center. Up to six credit
hours towards meeting this requirement will be waived
for students who have taken courses on this list while
undergraduates at Washington University, or for
equivalent courses taken elsewhere.

In general, the requlremcnts provide a flexible
framework in which to create a program which best
suits the student's interest. Students completing the
requirementn will !aosses._ an awarenes,q of internation-
al dcvetopment needs and. the role of their profession
in meeting those needs. They will have t!ad some
practice in applying themselves to the :_oluiion of real
problems. In addition, they will be made aware of the
interaction l)etw(:en {e.chnolo_ry and lhe broader set of
culttu'ttl, (.conomi(' and l)usiness factors which of times
limit technolo_:icalinnovation.

Areas of lnterezt

Areas of ('urrcnt interest to Washi)_gt_)n llniver:;ity
faculty members which mi{rht form lhe basin for
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thesis or project work include aHdicathm of comp_,,qtc
materials techm_loLry to the developn_ent and utiliz/_-
tion of indig.enoua m:derials for low-east housiz_g;
application of space science and technolc_$;y to ma._s
education in deveh@ng countries; power sources for
developing countries; applicalion of computers to
economic And industrial development; and studies in
transfer of technology to developing countries. Every
effort is made to accommodate other individual inter-
csts.

International development technology studies should
be of particular interest to engineering and applied
science students who wish to participate in lhe Peace
Corps. Under certain conditions, engineers with hael.c-
lot's degrees may earn up to 12 credit hours towi',rds
satisfying the internalional development techno!vgy
requirements based upon suitable Peace Corps experi-
ences. Credit may be grantec_ for project, thesis, or
fieldwork experiences which have the approval of the
center prior to being carried out overseas and which
will be completed upon return to Washington UnDer-

ences.

Interdisciplinary Seminars
In each of the above studies programs; a key ele-

ment is the interdisciplinary seminar. In 1968-69,
three such seminars were held. In the fall seme._ter,
the international development technology seminar
provided an overview of the role of science and technol-
ogy in international development. Guest speakers from
government, industry, and many university disciplines
took part. The seminar was attended by 11 seniors
and graduate students in engineering, physics, social
work, education, and architecture from six different
countries. A relevant term paper was requilaed. Texts
included, among others, Science and Ecvnomfc De-
velopment, by t2. L. Meier, and Man's Struggle for
Shelter in an Urbanizing World, by Charles Abram_.

In the spring a more specialized seminar of a special
topics nature emphasized low-cost housing and con-
struction. Eight graduate students were in attendance
from engineering, architecture, and social work. The
course looked at low-cost housing from an interdisci-
plinary point of view (economies, materials, building
methods, sociology, needs, etc.) The course augmented
the materials research effort described above.

Also during the spring semester, the course on
Science, Technology and International Development
was attended by 25 undergraduates, reprcsentin_ ma-
jors in engineering, architecture, business, history,
psychology, and Latin American studies. Some re-
quired textbooks were The Two Cultures, by C. P.
Snow, The PrcsidcnVs Science Advisory Cov_;ff_cc
Report on the World Food Problem, and The IVorld
Educaifonal Crfsis, by Phillip Coombs.

The feedback from students has been good. Al-
though the courses have a science and tcchnol<:y
focus, they attract students from outside ent;ine:'rin_. _
as well as enI:ineers. In :it lea.qt two instane('s, siu-
dents who attended these seminars are now de(q)]y

involved in rvlevant research projects.
These seminar courses must be l,:ept flexible. In the

1969-70 International l)evelq)m',.nt 'l'echn,h_try remi-
nar, with an em'olhnent of 2(I graduate sludents, edu-
cation is bein_r cmpha._:izcd insh,ad of housinI;. In a
new course dealing with technolo_:y and lmw'rt,v in
the United States, attended by 25 underl_.r,(hl:iles.
haz/u'd:_ :_mt benefits which can re._ult from lcchl;,:b %'
are discm;:;cd.

A View Toward The Future H3

Tbe intern:ttional Development Tcchnolagy Center
in the future should encompass the major functions
described below.

Research alzd Dcz,c/opmcnL Research in:ditutcs, uni-
versities, and other organizations in developing coun-
tries are working to increase industrial and agricul-
tural productivity by means of technological innova-
tion. The center will help such organizalions to gener-
ate or adapt the necessary technology and, equally
important, to couple the technology to the local econo-
my and culture. Engineers, architects, business ad-
ministrators, and social and natural scientists at the
center will work closely with their counterparts in
cooperating institutions overseas. In additi(m to solv-
ing immediate problems, the center will carry out
research on the processes of technological innovation
and the transfer of technology to developing countries.

Education. The center will aid in preparing both
AmericAn and foreigm students for careers in interna-
tional develonment. Courses at undcreraduate and

graduate levels present technological and socioeconom-
ic aspects of development in an integrated manner. A
new master's minor program option in international
development technology has been established in the
School of Engineering and Applied Science, requiring
completion of a thesis or project based upoi1 work at
the center. It is anticipated that other professional
schools at Washington University will develop pro-
gram options which interact with the center.

Demonstration and Training. Center activities fal-

ling within this category will include demonstration to
foreign nationals of tcchnolog'y with potential for
adaptation to local needs, using working models of
devices and pilot-plant production facilities; training
programs for Peace Corps volunteers; special semi-
nars for government, foundation, and industrial per-
sonncl; and training of technicians for developing
countries, with emphasis on research to develop the
necessary methodology and materials.

Much of this activity will be carried out at Wash-
ington University's 2,000-acre Tyson Valley 12esearch
Park, located 15 miles southwest of the main campus.

Publicalio_ts and l_fforlnation. A wide variety of
reports, handbooks, and monographs are planned. The
center hopes to publish a journal of development
technology to provide an outlet for the work of re-
searchers in this field.

Immediate plans call for a strengthening of the
research and cducational programs already underway.
In addition, two other directions are like.]y in the near
future. The first involves the creation of a prog'ram
in small business development, with strong engineer-
ing and business school inputs. Tile second involves
the applicalion of technology to problems of poverty in
the United States. An underF, raduate seminar is being
held this f:t_l to define objectives and opportunities.
with students from a variety of disciplines partici-
pating.

With adequate implementation and supi)nrt, the
center can be a sitmificant part of "m effort to relate
science and technolo_ry more dirccfly to the nccd,_ of
poor people in the h,ss-developcd ar<ts of the world as
well as *to those in need in our own socicly. It is
becoming: incre:tsin_rly clear that such an effort must
be made if h,th the engin('erinl: profe,_.qm_ and society

'.itself arc to ,mrvive and fulfill their n.blcst aapira-
tion,_. A
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APPENDIX I

WASHINGTON UNIVERSITY

SAINT LOUIS, I_IISS()UIt! (_:_I:}()

August 13, 1969

Mr. Herbert B. Quinn r Chief
Research Branch

Office of University Affairs

National Aeronautics and Space
Administration

Washington, U. C. ZU_4b

Dear Mr. Quinn:

Thank you very much for your letter of Ju y 22, 1969 informing me that

you have asked approval of a $200,000 procurement request to fund

Washington University's proposal on "Application of Satellite Communica-

tion to Educational Development." Vie are most appreciative of this

indication of ini-erest and support.

In this letter, I shall respond to your request for a succinct statement

of objectives against which progress can be measured at the conclusion

of Phase I, a period of not more than six months from receipt of contract,

operating on a budget of $25,000. Our objectives during Phase I are
as follows:

I . To review, in a comprehensive manner, both past and

present efforts which pertain to the use of satellite

communication in educational development. Included in
this review will be relevant material _rom the fields

of engineering, economics, education, communications,

law, political science and sociology. Literature

relating to both domestic and international application
of satellite communication will be examined. We will

survey a wide variety of organizations currently active

in the field of interest, including educational associations

and broadcasting organizations. Visits to installations
such as NASA's Lewis Research Center and General Electric

Space Systems Center at Valley Forge will be undertaken

to insure that the program will interact effectively with
the work of NASA and il-scontractors.

. To firmly establish a suitab e management and operating

structure for bringing together all ihe skills required to

attack the satellite utilization problem in a truly inter-

disciplinary manner. At a minimum, by the end of Phase I,

active parlicipalion of facul-fy members and siudents in

engineering, education, economics and at least one field

relaled Io public policy (polifical science, sociology,



Mr. Herbert B. Quinn, Chief
August 13, 1969
Page 2

law) will be required. Our pilot experience this summer,
with students and facully membersfrom three of these
disciplines, leads us l-o believe that i-his objective
can be readily achieved. The organizational structure
proposed for the execution of Phase I I is depicted on
the following page.

, To identify two sub-programs requiring detailed inter-

disciplinary analyses and experiments during Phase II.

The general criteria for these sub-programs are as
follows:

Nn_ _,h-nrnnr_m will #nr,,m *,nnn hrinninn ahnlJt

improvement in education in the United States or

its trust territories. In terms of man-hours of

effort, this domestic activity will constitute

a minimum of 50% of the total program effort.

bo One sub-program will be directed towards the

application of satellite technology to meeting
educational needs in one or more of the less

developed nations of the world.

Co Both sub-programs willdeal with geopolitical

regions which show promise of moving beyond the

planning stage and into the pilot project stage

for educational satellite utilization during the
early 1970's.

o To bring Phase II of the program into sharp focus. This

latter phase will culminate in analyses and/or experiments

which will contribute new knowledge concerning satellite

use for education. In general, the program will seek to

devise practical strategies for utilizing satellite communica-
tion to meet educational needs which take into account

economic and public policy factors.

During Phase I, because of our special competence in the field of microwave

integrated circuits and solid-state, microwave oscillators, we will give

careful attention to the contributions which these technologies can make

to reducing costs, within the context of overall systems analysis.

During Phase I, we will develop tile interdisciplinary capability to do
research in the following areas:

a. Economic analysis of alternative syslems for electronic
distribution of educational media.

b. Socio-political factors in ulilization of salelliie communica-
tion for education.

c. Educational technology and sofl:ware; effectiveness and

strategies for implcmeni-alion.

I2
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Emphasis will be placed in alt phasc;s of the program upon he_-wy involve-
merit of facul-ly members and sludents within an interdisciplin_r-y conlext.
As the recent Pres i dent' s Task Force Report on Cornmunicat ions Pol icy has
pointed out, there is significant- need for "advanced interdisciplinary
training of communications expor-l-s--economisl-s, lawyers,enginoers,
management experts, social scient-isl-s and others . to deal with

problems of communications policy which transcend the confines of any
single discipline." We deem this statement to define one of our major
overall program objectives. To achieve this objective, a variety of
strategies will be employed, including the following:

aQ The International Development Technology Seminar
• ,* ....... _t..L .... .J.._4-_ I .... ! ...... _ ,.,T I I h_

held during Phase I. This interdisciplinary course,
attended by students from a variety of professional
disciplines, will focus upon the role of science and
technology in meeting educational needs in the less-
developed nations as well as the less-developed areas
of the United States. Guest speakers from industry

and government will participate.

be The Project Coordinator will meet at least every two

weeks with faculty members and graduate students

representing the spectrum of activities depicted on

page 3. These meetings will permit a detailed

exchange of views among principal participants in
the program.

We also deem it of particular imporlance that Washington University's

effort be closely coupled to the particular area of application of the

program. This coupling will be accomplished by establishing working
relationships with counterpart educational institutions or other

organizations in tile regions of interest. In some cases, it may be

desirable for Washington University students and faculty members to

carry out a portion of their research efforts off campus. Conversely,

personnel from counterpart organizations might be effectively utilized

by providing for periods of r-esidence at Washington University.

Finally, we believe that the program is extremely relevant to the

work of NASA for the following reasons:

ae It emphasizes the application of space science and
technology to help solve 1he educational crisis facing
our nation and the world.

b, It will train fulure professionals in a variely of

disciplines who can fill a vilal need in both the

public and privale scclor for individuals who are

knowledgeable about broad ar-_s of applicalion of

the national aeronaulics and space pro!Tam.

14
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I hope that the information provided above will be satisfactory. If

further information is required, please do not hesitate Io call upon
me.

Yours sincerely,

Robert P. Morgan
Director

RPM:pon

15
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Biographies of Faculty Members and Professional Personnel

Currently Active in Program

R. P. Morgan, Program Coordinator

F. J. Rosenbaum, Electrical Engineering

D. L. Snyder, Electrical Engineering

E. Greenberg, Economics

N. Bernstein, Law

B. Anderson, Education

R. M. Walker, Physics

H. M. Ohlman, Research Applied Scientist



Di rector,

ROBERT P. MORGAN

International Development Technology Center

Associate Professor of Engineering

Washington University

Nationality: U. S. Citizen. Born February 26, 1934, Brooklyn, New York.

.Education:

B.Ch.E. Chemical Engineering, The Cooper Union, 1956

M.S. Nuclear Engineering, Massachusetts Institute of Technology, 1959

Nucl. E. Massachusetts Institute of Technology, 1961

Dkn PRomL#_I Fnn[n_r|no. Rensselaer Polytechnic Institute, J965

°

Professional Experience:

1956,1958 Engineer,
(Summers)

Atomics International, Canoga Park, California

1959-1960 Instructor (Full-Time) and Assistant Director, Massachusetts

Institute of Technology School of El,gineering Practice at

Oak Ridge, Tennessee

1960-1964 Instructor, (Full-Time) Department of Chemical Engineering,

Rennsselaer Polytechnic Institute, Troy, New York

1964-1968 Assistant Professor, Nuclearand Chemical Engineering,

University of Missouri, Columbia, Missouri

1966-1967 Chairman, Nuclear Engineering Program, University of Missouri,

Columbia, Missouri

1965

(Summer)
Resident Research Associate, Reactor Engineering Divisio_t

Argonne National Laboratory, Argonne, lllinois

1966

(Summer)
College Professor, Spert Analysis Group, Atomic Energy Division,

Phillips Petroleum Company, Idaho Falls, Idaho

1967

(Summer)
Consultant, International Development Technology Program,

Washington University, St. Louis, Missouri

1968-1969 Associate Professor (with Tenure), Nuclear and Chemical Engineering,

University of Missouri, Columbia (on leave of absence as Acting

Director, International Development Technology Center,

Washington University, St. Louis, Missouri)

1968-1969 Visiting Associate Professor of Engineering,Acting Director of

International Development Technology Center, Washington University,
St. Louis, Missouri.

1969 - Associate Professor of

Development Technology
Missouri.

Engineering, Director of International

Center, Washington University, St. Louis,



Professional Activilies:

Co-Chairman, Session on "Systems for Emerging Nations", 3rd American
Institute of Aeronautics and Astronautics Conference on Satellite Communications

Systems, to be held in Los Angeles, April 6-8, 1970.

Consultant (Invitational Travel) to National Science Foundation's

Cooperative Science Program, New Delhi, India, Nov. 18-25, 1969.

Program Coordinator, Washington University - NASA Program on Application

of Satellite Communication to Educational Development, Sept. I, 1969 -.

_nrmor_te Member. Volunteers for International Technical Assistance (VITA)

and Founder of Columbia, Missouri VITA Chapter. Represented VIIA aT _. A. U.

Seminar, Des Moines, lowa, April 1967. VITA is a volunteer organization of over

5,000 scientists and engineers who work on practical problems of technical develop-

ment faced by people in developing countries.

Member, International Engineering Education Committee of the American Society

for Engineering Education. Appointed Program Chairman for Committee Sessions at the

A.S.E.E. Annual Meeting held in June 1969. Chairman, International Program

Committee, Northeast New York Section, American Institute of Chemical Engineers,
1961-63.

Presented invited paper on "International Directions in U.S. Engineering

Education" at Conference on "Engineering in International Development," Estes

Park, Colorado, August 1967. Spoke on "Engineering for Developing Nations" at

Argonne National Laboratory, Chicago, August 1967.

Spoke on "Engineering Education for International Development" at Engineering

Foundation Research Conference on "Industrialization in Developing Nations,,,

"Milwaukee, Wisconsin, August 1969. Presented paper on "The International

Development Technology Center of Washington University" at Annual Meeting,

American Society for Engineering Education, College Park, Pennsylvania June,1969.

Recent meetings attended include "International Conference on Interdisciplinary

Aspects of Engineering Technology for Developing Countries," Pittsburgh,

Pennsylvania, October 1968; "Conference on Impact of Technology and Modernization

on Latin American Society," St. Louis Missouri , January 1968; "Conference

on Rural Development in the United States, St. Louis, Missouri, August 1969.

Member, Subcommittee on International Programs of Faculty Policy

Committee, University of Missouri, Columbia, 1967-1968; Chairman, International

Program Committee, School of Engineering, University of Missouri, Columbia,

1967-1968. Prepared proposal for International Development Technology Center,

Washington University, Summer 1967. Currently teaching International Development

Technology Courses at Washington University, St. Louis, Missouri.

Invited to serve on Educational Program Committee for the Second Inter-

American Materials Conference to be held in Mexico City, August 1970. Also

invited to speak at workshop on "Research and Development of small-scale

Technolog_ Mexican Institute of Chemical. Engineers, Mexico City, July, 1970.



Publications:

"An Inter-American Program in Materials Engineering--The Utilization of

Indigenous Resources For Low-Cost Composite Materials", to be published

in Proceedings of 2nd Inter_American Conference on Materials Technology,

Mexico City, August, 1970. (With A. T. DiBenedetto)

"An International Development Technology Center", Engineerigg Education_

60, No. 3, 247-249 November 1969.

"Analysis of an Oscillating Engine for Power Generation Based on the Drinking

Bird Principle," Proceedings of the Fourth Intersociety Energy Conversion

Engineering Conference, Washington, D. C., 624 (September 1969). (With S. S.

"Small-Scale Power Sources for Developing Nations; An Experiment in Engi-

neering Education," A.S.E.E. International Engineering Education Newsletter,

6.'2, I-3 (March 1968). (With R. D. Young)

"A Review and Discussion of Literature Concerning Transient Heat Transfer and

Steam Formation," Report CREST-NL-2, Committee on Reactor Safety Tech-

nology, European Nuclear Engery Agency, Paris, I-4 (December 1967).

,'A Transient, Two-Region, Moving Boundary Analysis of the Drying Process,"

Chemical Enqineerinq Progress Symposium Series, 63:79, 24-33 (1967). (With A. Arzar"

"Some Improvements to the Theory of the Submerged Evaporative Interface in

Porous Materials, "Chemical Engineering ProRress Symposium Series _ 63:79,
14-23 (1967). (With K_ H. Khokhani)

"Heat and'Mass Transfer During Liquid Evaporation from Porous Materials,"

Chemical Engineering Progress Symposium Series, 63:79, _-13 (1967). (With
S. Yerazunis)

"International Directions for U. S. Engineering Education, "Proceedings of

Conference on "Engineering in International Development," Estes Park, Colorado

(August 1967).

"A Review and Discussion of Literature Concerning Transient Heat Transfer and

Steam Formation," Report ID0-17226, Phillips Petroleum Company and USAEC,

Idaho Falls, Idaho (March 1967).

"Heat and Mass Transfer Between an Evaporative Interface in a Porous Medium

and an External Gas Stream, AICHE Journalp 13, 132-140 (1967). (With S.
Yerazunis) "

"The Effect of Variable Wall Heat Flux on Heat Transfer in the Thermal

Entrance Region of Reactor Coolant Channels," Transaction of the American

N3clear Societyp 9, 567-568 (1966). (With R. J. Page)



Contributions (Unsigned) to Argonne National Laboratory Reactor Development
Program Progress Reports, ANL-7090, 60-63 (August 1965); ANL-7105, 62-63
(September 1965).

"Engineering Education for Hostile Environments," Journal of Enqineering Educa-

tion_ p. XXVIII (April 1965).

,,Definition of Engineering," Journal of Enaineerina Education, p. XXVI (June

1962).

Scientific and Profesbional Societies:

American Association for the Advancement of Science

American Association of University Professors

American Institute of Chemical Engineers

American Nuclear Society

American Society for Engideering Education

Sigma Xi

Society for International Development
Tau Beta Pi

Volunteers for Internationa Technical Assistance



BIOGRAPHY OF FRED JEROME ROSENBA_
Associate Professor of Electrical Engineering

Date of Birth:

Academic Historyz

Experience:

15 February 1937

University of Illinols,

Research Assistant,

Illinois, 1959-1963

Research Scientist,

Corp., 1963-1965

R_sIs_anll Mro_e_or#

B.S.E.E., 1959

M.S.E.E., 1960

Ph.D., 1963

University of

McDonnell Aircraft

sity, 1965-1967

I Associate Professor, Washington

Professional Societlese

Honors:

University, 1967-present

Consultant, Emerson Electric Corp.,

1965-present

Consultant, Monsanto Corp., 1966-

present

IEEE

Eta Kappa Nu

Sigma Tau

Sigma Xi

I

I

I

Research Experiencol At the University of Illinois, Dr.
Rosenbaumwas a member of the Ultra-

microwave Group, directed by Professor

P.D. Coleman, where he performed
studies on milllmeter-wave linear

accelerators and high-energy electron-
beam interactions with matter. As a

research scientist at McDonnell

Aircraft he has worked in ferromagnetic

resonance, cavity and traveling-wave

masers, electromagnetic surface waves,

instrumentation for electric spin

resonance _pectroscopy and lasers. At

Washington University, he has studied

electromegnetic wave propagation in

anisotropic ferrites, ferritephase

shifters, microwave demodulation of

light, microwave phonon-electron inter-

actions, and the properties and applica-
tions of Gunn-effectmicrowave oscil-

lators.



L

Papers Presented:

Articles and Publications:

Rosenbaum-2

"Cerenkov Radiation in Anisotropic
" F.J Posenbaum and P DFerrites, . . .

Coleman, paper presented at the

Millimeter and Submillimeter _;ave

Conference, Orlando, Florida, J_uary
1963.

"Effects of Non-UniformPopulation

Distribution in Masers," F.J. Rosenba_m

and W.G. Jeffers, paper presented at
the Millimeter and Far-Infrared Con-

ference, Estes Park, Colorado, August
1965.

"Bias Circuit Oscillations in Gunn

uevlces, w.u. Tsal ana _.u. _osenDaum,
Informal Conference of Active Microwave

Effects in Bulk Semiconductors, New

York, Xanuary 19_8.

"A Design Theory for Reggia-Spencer

Phase Shifters," W.E. Hord, F.J.

Rosenbaum and C.R. _<,yd, presented at

International Microwave Symposium,

Detroit, Michigan, May 1968.

"Cerenkov Radiation in Anisotropic

" F.J Rnsenbaum and P TFerrites, .... .

Coleman, MTT, Voi. ll, pp. 302-311,

September 1963.

"Electromagnetic Wave Propagation in

" F°J Rosenbaum, MTT,Lossy Ferrites,

Vol. 12, pp. 517-528, September 1964.

"Dielectric Cavity Resonator for ESR

Experiments," F.J. Rosenbaum, Rev.

Sci. Instz. Vol. 35, pp. 1550-1554,

November, 1964.

"Hybrid Modes on _misotropic Dielectric

Rods," F.J. - - _Po_:e._aum, IEEE Journal of

Quantum Electre_-ics, Vol. l, December
1965.

"Effects of Non-UniformPopulation

Distributions in Masers," F.J.Rosenbaum

and W.Q. Jeffe_s, IEEE Journal of

Quantum E!ectrcnics, Vol. I, December
1965.



Articles and Publications:

(continued)

"Effects of Spatial Dependence in the

Single Mode Laser Rate Equations,"

(Correspondence), F.J. Rosenbaum and

T.J. Menne, IEEE Journal of Quantum

Electronics, Vol. 2, February 1966.

"Approximation Technique for Dielectric

Loaded Waveguides," W.E. Hord and
F.J. Rosenbaum, IEEE Transactions on

Microwave Theory and Techniques, Vol.

MTT-16, No. 4, pp. 228-233, April 1968.

"Propagation in Ferrite Filled Coaxial

Transmission Lines," R.S. Mueller and

-._._ -......... _,,m T_PR Trans. on MTT,

October 1968.

"Theory of Suppressed Rotations Recip-

rocal Ferrite Phase Shifters," W.E.

Hord, F.J. Rosenbaum, C.R. Boyd, IEEE

Trans. on MTT, November 1968.

"Propagation in Longitudinally Magnet-

ized Ferrite-Filled Square Waveguides,"

W.E. Hord and F.J. Rosenbaum, IEEE Trans.

on MTT, November 1968.

"Application of Reciprocal Latch _"

Ferrite Phase Shifters to Lightweight

Electronic Scanned Phased Array

Antennas," W.E. Hord, C.R. Boyd, and

F.J. Rosenbaum, Proceedings of IEEE,

November 1968.

"Gunn Effect Swept Frequency Oscillator,"

F.J. Rosenbaum and Wei-Ching Tsai,

Proceedings of IEEE, November 1968.

"A Design Theory for the Reggia-

Spencer Phase Shifter," W.E. Hord,
F.J. Rosenbaum and C.R. Boyd, 1968

MTT Symposium Digest, May 1968.

"Electromagnetic Wave Propagation u,
a Ferrite Loaded Wire," R.S. Mueller

and F.J. Rosenbaum, IEEE Trans. on

Microwave Theory and Techniques,

February 1969.

"Bias Oscillations in Gunn Devices,"

W.C. Tsai and F.J. Rosenbaum, IEEE

Trans. on Electron Devices, February

1969.

Rosenbaum -3 "



Nationality:

Donald L. Snyder

Visiting Associate Professor

Electrical Engineering

U. S. Citizen. Born January 8, 1935, Stockton, California

Education

B.S.E.E. Electrical Engineering, University of Southern California 1961

Electrical Engineering, M.I.T. 1963

Electrical Lngineerlng, M.I.,. _=uu

Industrial Experience

Hughes Aircraft Company, Culver City, California, Summer 1960; worked
on microwave ferrite device research

Autonetics, A Division of NAA, Anaheim, California, February 1961 to

August 1961; Summer 1963; worked on the processing of passive sonar

signals and related topics

M.I.T. Lincoln Laboratory, Lexington, Mass., Summers, 1964, 1966, 1967,

and 1968; worked on satellite AGC systems to combat jamming; study

of a continous-access high-altitude sateiiite navigation system;

study of effects and procedures for combatting atmospheric noise in

communications systems

Consultin_ Experience

Autonetics, A.Division of NAA, Research Center, Anaheim, California,

1961-62; worked on sonar signal processing

Cambridge Technical Center, Cambridge, Mass., 1966-67; worked on acoustical

signal processing

Raytheon Company, Space and Information System Division, Sudbury, Mass.
1966 to the present; worked on study of millimeter communication

channels (characterization and measurement)

M.I.T. Lincoln Laboratory, Lexington, Mass., 1966 to the present; worked

on Navigation systems using high-altitude satellites; the effect

of atmospheric noise on communication systems

Lecturer in special (two week) courses on detection, estimation and

modulation theory and its application to communication, radar/sonar

problems. Lecturer in industrial courses on random process theory and

detection, estimation, and modulation theory. Organizer and lecturer
in a one week summer course (M.I.T., Summer, 1969)entitled "The

Application of State-Variable Techniques to Communication Systems".
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The State Variable Approach to Continuous Estimation, with Application

to Analog Communication Theor.y, the M.I.T. Press, Mar. 1969.

Journal Articles

1. "A nonlinear study of compensatory manual control systems," IEEE

Transactions on Human Factors in Electronics, }_E-5, 1. pp.25-28, Sept.

1964.

2. "Some useful expression for optimum linear filtering in white

noise," Proceedings of IEEE (Correspondence), 53,6, pp.629-630,

June, 1965.

".

3. "Some useful expression for optimum linear filtering in white

noise--II," Proceedings of the IEEE(Correspondence), 53,9, pp. 1254-1255,

Sept. 1965.

4. "Optimum linear filtering of an integrated signal in white noise,"

IEEE Transactions on Aerospace and Electronic Systems, (Correspondence),

AES-2, pp.231-232, March, 1966.

5. '_ theory of continuous nonlinear recursive filtering with

application to optimum analog demodulation," 1966 Wescon Conv.

Record, Part I.

6. "The state-variable approach to analog communication theory,"

IEEE Transaction on Information Theory, IT-I$, I, pp" 94-104,Jan.

1968.

7. "Optimal binary detection of known signals in a non-Gaussian

noise resembling VLF atmospheric noise," 1968 Wescon Cony. Record,

Part 6.

Articles (not in Journals)

i. '_n application of an equation for the conditional probability

density functional of Markov processes to nonlinear minimumvariance

filtering and estimation," H.I.T.,R.L.E., Q.P.R., No. 78, July, 1965.

2. "Analysis of a minimum-varlance phase estimator by means of the

Fokker-Planck equation," H.I.T., R.L.E.,Q.P.R.,No. 78, July, 1965.

3. "The state-variable approach to continuous estimation" PH.D. Thesis,

M.I.T., Department of Electrical Engineering, February, 1966.
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E.

_le 11Nonllnear_in[mu_-mean-square-error filtering with application to

analog communication," M.I.T., R.L.E., Q.P.R._ No. 79, Oct. 1965.

5. !'Navigation with high altitude satellites: a study of errors in

position determination," M.I.T._ Lincoln Laboratory, TN 1967-11,
Feb. 1967.

6. "Comments on ELF noise," M.I.T., Lincoln Laboratory, Group Report

7. "An applicationof state-variable estimation techniques to the

detection of a spatially-distributed signal," M.I.T.,R.L.E., Q.P.R._

Apr., 1965 .

Meeting Speeches

I. "A theory of nonlinear recursive filtering," 1966 Wescon (pub.

as JA 5 above).

2. "Optimal binary detection of kno_m signals in a non-gaussian

" 1Q_R Weseon (p,,_. as TA 7noise resembling VLF _tmospheri¢ noise; ...........

above)

3. '_n application of state-variable extimation techniques to signal

detection for the optical cloud channel," 1969 International Symposium

on Information Theory, Ellenville, N.Y., Sponsored by the IEEE Profes-

sional Group on Information Theory. (Published as article 7 above).

Thesis Student Publications
• . •

I. (Senior Thesis) Loffredo, Ralph, "A study of simulation techniques,"

June, 1967.

2. (Master Thesis) Koontz, Warren L., "Numerical analysis of a quasi-

optimum FM demodulator," September, 1967.

3. (Master Thesis) Olsen, Ronald G., "Simulation. of a binary phase-

shift-keying communication system," August, 1968.

4. (Master Thesis) Butterfield, Stephen J. "Optimum demodulation

of a phase-modulated message in the presence of phase instabilities,"

September, 1968.

5. (Master Thesis) Aron, Jeffrey B. "Estimation of linear system

parameters based on perfect observations," August, 1968.
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EDWARD GREENBER@Professor and Chairman

Department of Economics

Washington University
St. Louis, Missouri

Date of Birth: June 22, 1936

Married, two children

Academic Training

New York University

University of Wisconsin

1953-1957

1957-1961

B.S. (1957) Economics

M.S. (1959) Economics

Ph.D. (1961) Economics

Major Field:

Secondary Field:
Outside Minor:

Economic Theory
Statistics

Mathematics

Teaching and Other Experience

University of Wisconsin

Teaching Assistant, Elementary Statistics, 1957-58

Acting Instructor, Statistics, Principles, Advanced Theory,

Fail, 1959

Research Assistant, Spring 1959; Spring, Summer, Fall, 1960

Project Assistant, Summer 1961

Instructor, Principles, 1961-62

Assistant Professor, Principles, Economics of National Defense, 1962-63

Washington University

Assistant Professor, Mathematical Economics, Advanced Statistics,
Theory, 1963-65

Associate Professor, 1965-
Ford Foundation Faculty Fellow, 1965-6

Consultant:

Federal Reserve Bank of St. Louis 1963 -

Social Security Administration 1965 -

Midwest Program Airborne Television, Inc. 1963-4

Rand Corporation, 1967 -

President's Task Force on Communications Policy, 1968

Scholastic Honors

New York University: Deans list, Founders' day honors, Magna Cum

Laude, Beta Gamma Sigma, Order of Artus

Wisconsin: University Fellow, 1958-59, National Science

Foundation Fellow, Summer 1959

Publications

Business Investment in Plant and Equipment: An Empirical Study,

Doctoral Dissertation, University of Wisconsin, July 25, 1961.

'_ Stock-Adjustment Investment Model", Econometrica, April, 1964
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'_ppropriations Data and the investment Decision", Journal of the

American Statistical Association. June, 1965.

'_ome Aspects of the State Distribution of Military Prime Contract

Awards," Review of Economics and Statistics May, 1966.

"Employment Impacts of Defense Expenditures and Obligations,"

Review of Economics and Statistics May 1967.

'_lire Television and the FCC's Second Report and Order on CATV

Systems," Journal of Law and Economics, October 1967.

'_elevision Station Profitability and FCC Regulatory Policy,"

Journal of Industrial Economics (forthcoming)

(with Harold J. Barnett) '_ Proposal for Wired City Television"

Washinqton University Law Quarterly, Winter 1968; '_he Best

Way To Get More Varied TV Programs," Trans-Action May 1968;

'_n The Economics of Wired City Television," American Economic

Review, June 1968.

I
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NAME:

ADDRESS:

DATE AND PLACE OF BIRTH:

Neil Norlin Bernstein,Associate Professor of Law

557 Warren Avenue, St. Louis, Missouri 63130

May 18, 1932 -- Cheyenne, Wyoming

EDUCATION:

University of Michigan, B.A. 1954, with High Distinction and Honors in

Political Science; William Jennings Bryan Prize (outstanding political science
graduate) 1954; Phi Beta Kappa.

Yale Law School, LL.B. 1957, Cum Laude and Order of the Coif; co-reclpient

•Edward D. Robbins Prize (highest third-year grades) 1957; Yale Law Journal.
Class standing: Third in class of 142.

PUBLICATIONS:

.... " " ....... _ ...... _ c),_ fl__o_e, "_TlOolnln _ n_ u_u=u_, v/ _ " v ...... . .....

Comment, "Tax Aspects of Alimony Trusts," 66 Yale Law Journal 881 (1957).

Review of Smead: Freedom of S_eech by Radio and Television, 17 Fed. Comm. B.J.
51 (1959)

Review of Rostow: Planning for Freedom, 13 Journal of Legal Ed. 126 (1960).

Review of Cohen: Th___eLegalConscience, 1961 Wash. U. Law Quarterly 303.

With Gilbert R. Whitaker, Jr.: "Background Paper on the Communications

Industry" (Prepared for Cabinet Ccmmittee on Price Stability, 1968).

Article, "The Supreme Court and Secondary Source Material: 1965 Term"

57 Georgetown L.j. 55 (1968)

Article, •"Issues and Implications of the FCC Proceedings - A Response to _ 2_

Professor Prendergast" (_mi_m published in Public b%ilities Fortnightly, _ 1969)
i

EMPLOYMENT: ./

July 1957 - July 1958: Motions Clerk, U.S. Court of Appeals for the District

of Columbia Circuit, Washington, D. C.

July 1958 - August 1960: Associate, Fischer, Willis & Panzer, 1735 Desales

St., N.W., Washington, D. C.

August 1960 - July 1961: Visiting Assistant Professor of Law, Washington
University School of Law, St. Louis, Missouri

July 1961 - August 1967: Attorney, American Telephone and Telegraph Company,
195 Broadway, New York, New York.

August 1967 to date: Associate Professor of Law, Washington University
School of Law, St. Louis, Missouri.

Summer 1968: Visiting Professor of Law, The National Law Center,
George Washington University, Washington, D. C.

/

/

!'
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I. Personal

2. Education

3. Experience

Barry Anderson

"Assistant Professor of Education

a) Born January 23, 1942, Calgary, Alberta

b) Married, no children

c) Home address:

7426 Stanford Ave.

University City, Missouri 63130

d) Office address:

Washington University

Graduate Institute of Education

McMillan Hall, Box 1183

St. Louis, Missouri 63130

a) High School - Calgary, Alberta

b) B.Ed. University of Alberta 1959-1963

Majors in Physical Education and physical

sciences

minor - sociology

e) M.Ed. The University of Alberta 1964-1966

major - Educational Administration

minor - research methods

d)

Ph.D.

The University of Toronto 1966-1968

(_ne Ontario Institute for Studies in Education)

major - Educational Administration

minors - sociology and research methods

should be awarded in spring of 1970

a) Teacher with Calgary Public School Board

1963-1965

b) Sessional lecturer - The Ontario College of Education,

1967-1968

c) Graduate Assistant (OISE) 1966-1968

d) Research Associate (OISE) 1968-1969

e) Assistant Professor of Education (Administration)

Washington University

St. Louis, Missouri



4. Professional Member-

I ships
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Scholarships and
Awards

6. Publications and

Related Activities

8. Teaching Interests

9. Technical Skills

I0. Research Interests

a) American Educational Research Association

b) Canadian Educational Research Association

a) University of Alberta Intersession Bursary 1966 $500

b) Ontario Institute for Studies in Education

Scholarships 1966-67 $i,000

1967-68 $2,250

a) "Educational Reform: Process or ProductU Teacher's Digest,

ii (_rch, 19677 pp. 11-14

b) "i_o's a Good Principal?" with A.F. Brown in The Canadian

Administrator, VI (Dec. 1966), pp. 9-12

c) "Faculty Consensus as a Function of Leadership Frequency

and Style" with A.F. Brown in The Journal of Exnerinental

_a,,_tion. Vol. 36. No. 2, Winter 1967, pp. 43-49

d) "Faculty Consensus as a Function of Leadership Frequency and

Style" was also presented to the Canadian Conference on

Educational Research, Winnipeg, Manitoba. June 9, 1967

e) Leader Behavior Styles of Alberta School Principals unpublished

M.Ed. thesis (Calgary: The University of Alberta, Calgary,

1966)

f) "The Student as Nigger: Sociological Implications," paper

read to the Canadian Association of Professor's of Education,

Calgary, Alberta, May 30, 1968

g) Ph.D. thesis topic: "The Relationship between Students

Alienation from School and School Bureaucratization"

a) Administrative Theory

b) Social-Psychology in Educational Administration

c) Research Design

d) Elementary and Intermediate Statistics

e) Seminars in Problem Solving

Leadership

Innovations in Education

Social Relations in Education

a) Research Design

b) Multivariate Data Analysis

c) Questionnaire Construction and Validation

d) Computer Progra_-ning

e) Use of Unit Record Equipment

a) Problem Solving at Administrative and Classroom Levels

b) Incidental Learnings in Classroom Situations

c) Impact of School Organiza{ion on Students and Teachers



ROBERTM. WALKER

Personal Information:

Born February 6, 1929, at Philadelphia, Pennsylvania.
Married, two children.

Academic Background:

BoS.

M.S.

Ph.D.

(Physics), Union College, 1950.

(Physics), Yale University, 1951.

(Physics), Yale University, 1954.

Honorary Degrees:

D.Sc., Union College, 1967•

Prizes, Citations, Awards:

National Science Foundation Senior Post-doctoral Fellow,
1962.

American Nuclear Society Distinguished Service Award, 1964.

Yale Engineering Association Annual Award, 19661

Industrial Research Magazine awards to products he helped

develop in 1965 and 1966.

Experience:

G. E. Research Laboratories, Schenectady, New York,

August 1954 to August 1966.

Visiting Professor, University of Paris, 1962-1963.

Honorary or Professional Societies:

Fellow, American Physical Society.

Member_ American Association for Advancement of Science.

Member, American Geophysical Union.

Member, American Astronomical Society.

Member, American Institute of Aeronautics and Astronautics.

Phi Beta Kappa.

Sigma Chi.

L



°%_* • i,,,_.,_ of Jour_lal without

rcfcre_ice' i_Idicates tllat

manuscript has beez_

_ submitted.

•

Publicatioi_s b X Robert H. l.,'alker

"Cloud Chamber Investigation of Nuclear Interact,oils of Cosmic Rays,"

N.R. Wilelten, R.S. Prestoi_, R.V. Adams, R.M. Walher, and H.L. Kraybill

Phys. 1_ev. 93, 1356 (1954).

" R.H Welker,"Production of Neutral V-Events l)y Cosmotron Neutrons, . .

R.S. Preston, B.C. Fowler, and '" . __ .h.L Kraybill, Phys. Rev. 97, 1086,.(]355)

• "X-ray Beam Heasurement qf Distort,ran in a Hagnet Cloud Chamber_"

,"_ W_llcer. Rev. Sci. Instru. 26, 30_ (i955).

"Electron Irradiation of Copper Below 10oK, '' J._l. Corbett, J.M.

Denney, H.D. Fiske, and;R.M. Walker, Phys. Rev. i0/_ 851 (1956).

o

'_lectron Irradiation of Copper Near 10OK, '' J.W. Corbet't, J.M.

Denney, H.D. Fiske, and R.M. Walker, Phys. Rev. 108, :)54 (1957).

"Discrete Recovery Spectrum in Electron Irradiated Copper," J.W.

Corbett and R.bl. Walker, Pi_ys. Rev. iiO, 767 (1958).

•

Paper No. 2385, Second Geneva Conference on the Peacetime Uses of

Atomic Energy (1958), D K "" ...... 'T U Cnrbett R M Walker, J.S

Koebler, and F. Seitz: Reprinted In "._£ogress in Nuclear Energy,

Series V, Vol. 3, Perga_non Pruss (1961).

0

"Recovery of Electron Irradiated Copper: I. Close Pair Recovery,"

J.W. Corbett, R.B. Smith, and R.H. Walker, Phys. Rev. ilL__!,I_,52 (1959).

"Recover), of Electron Irradiated ° Copper: II. Interstitial Migration, '_<

J.W. Corbett, ll.B. Smith and R.M. Walker, Phys. Rev. l!Z___i, 1460 (1959).

l'0- • "Enersy Dependence of Re_overy in Electron Irradiated Copper,

J.W. Corbett, R.M. Walker, Phys. Rev. 115, 67 (1959).

"Spin Resonance in Electron Irradiated Silicon," G.D. Watkins, J.W.

Corbett, and R.M. Walker, Joui'. Appl. Phys. 30, 1198 (1959).

•12. "Threshold Heasurements and the l>_.oduction of Rat!,at,on Damage in tb_

" J.W. Corbett and R H Walker, Phys Rev. Letters i_17,Noble Metals, . •

970 (1960).

" _ H."On the Production of Displa__ed Atoms by Tlle_._InnlEautrons, _,.

Walker, Journal of Nvc. M_terials 2, 147 (1960).
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14. "Electron Induced Radiation Damage in Pure Metals," R.M. h'alker,
Proc. Enrico Fermi School on Solid State Physics, Vol. 18,
Academic Press (1962).

" J.W Corbett, and R.M. l_'alker, Proc15. "Defects in the Noble Metals, .
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